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PKEI’ACE. 


~TTAI;VR inoch.inisms have sucnwivc ^rcnc nitiuns cit 

V L'H^niuHTS, and, jt ilir truth W’H'Knouii, tluTc ai' I'-w iin'rliatiiad 
i’n^unt‘«'iv. uh(» ha\t‘ not at muuc Iiim'' or ollur lind to nni'iit u no\\ 

-U In (.‘oiivqiii'iico, iho iminh* I *>1 valve ^'"e.iis doM'iilved III the 
Patent Ulli<’e Siiecitie.vfiotis, and Hi<lerd lh<‘ nmidn‘r ol dilVeronb 
v\hi< li have been fii'luallv made, is ev i < din”l\ gieat M\ ohjiHit m not 
(i» (iiiuuerale those, nor i ven to eiimneiale all llu* Upe?'which arc in 
actual vvoiK ,i( |.lu“ [ueseiil lime, l)ui mIIt'i to M li'ct a lew U]ucal tji*ars, 
well tried, and to some extent jejueseii(iM<; tile Huivival of the Jitlosb 
tvpes, and to ex.'imiis’ lliiin thoioiitflilv ,ind In methods which may 
^^■M<•lat)y be applio«l to all kinds ot Lje.it snnd.ir to tho^ chosen. 

Thi> s<.(^>e of this veduni*' is limit.d to an examination of Ivpes oj 
tlmse ecais in which there is om , anti niil) one, position of the valve for 
a ifiven po^iiinn of tin emnk. In other woids, (he jwsition of the valve 
is a tunelmn of a sinef. varnibh' oid), ii.uiiely the cnink ani,de. A f-w 
,iis aie hovvevei d. smhed iiK ideiit.dly III whii’h a jyovoinoi ib im hid. d 
in Ole MI'S hanisiii o[n latint^ the valve. In this cas!’ 1‘' omie ih.iii 
one positieii ol the vaUc ioi .1 i;i\en positn.n » f the ciank The valve 
position IS. Ill ia< t. a liinetjon of two variables, namely th(* crunk angle 
-Old the time, and lh>‘ vaWe jiosiuon cannot be set out on a di.iwing 
tiom kinematic eonsid. i.itmns .done The proper examination of gcaw 
lathis kind refpiires u studv ot tin d^iiamicH of gov( iiiory, and this W 
not included in the present volume , 

The matter is arranged so that tlmm- who pief*r tin* gra]»hical to 
the .ma]ytic<d.meHio(| may obtain ail the usdiil igciiimul mtoimation 
reg.inling the gears I'xaniined without reading the analytieal aitales, 
ami so that students of technical colleges may begin the study of tljti 
subject in their iir^ \ear.continuing vvith the later.portiouH of iln* book 
m their Bi^eond and thud ycftrs. With this jpurposv; in view t(he''((iist 
live chapter^ inclmie the descriptive matter relat-ng to valves the 
discussion of tho <h'frihution of steam effected by the simple eceentric 
ge.ir, the pjhblem.'f in connectnui therovjlih bt iiig tioiited by drawing-^ 
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bnan] alone cuXfiK (lie sfune oroinnl as Ch.yitels 

, Ill, iT^aiid V, i)uf. llio (n^oiKinictneal nifthoil j.s siibsfjliiled for the 
^(fomctricftfi liiethi«t ummI up to lliai pohit Ch.i])ter VI /s\ in'fact, an 
analytical siiiiiinaiv ot Ihe previous eli.ij»lers, ami a .study 0/ ii iwli .slUnv 
that th»Tt‘ an* plenty (tfusetid ttiooiifutielne.d ev^x-ises of an iiiteivslm^ 
kind to be nblaiiiVd l^om \al\i‘ i^e.u lueeli.uiisins 

Chaplels Vll .nid VIII .Oe llelelell Ili.UIlh (o tile _snl^)i’rt iif 

rt‘Veisllie/^i;e.Os .uid lU ibese the jil.iedino M'.|iirnee nt nii-th<id is 
.ipplii'd tuiMili \.ihe oiMi iiieeli.uiisiii iHustialed 'riial Is 1,(1 sa\, (he 
pio{)eilies i)t llie i;e ii .lit' (iisi in\> si j^.u i d 1)\ di.iw iiie-ixiaiil methods 
alom',.iiid llieii the ec.ii )s si|b]e( t<,‘d i.ti all all.d\ 1 mmI examination from 
wliii h lilies .lie j*»iniiil,iled In im all's ef \\ hieti 1 lie disliduiliou of steam 
(be ee.n e.lM « tl« et lll.l_\ be leimd :i|iplo\imale|_\ Wlllumt lhi‘ l.llmui ot 
iImu m_t^ the ai tiial dl'plar'ehieiil, eiit\ t s In (]ii‘ .tii.ili lie.d pmttons ot 
these two eliapli'ls IIU llldelih dl|es> Jn /( imct s (“|.lss|i ,ll W<ai\ nil Vn!vi' 
-I. <iiid lo K.iiikiiie s wm k y<fi hiin 11 / iiiiil Mil!IIml will be ajip.ih'iil 
Cliajtli'i l\ 1'^ devnt.d piiiiMp.illx lo llie e\i iiiplifieuiloll ot cert.nii 
dyniimieal piolikms ulmli .itise m tnimMiioii with liie]i spied \aive 
gtais The linlliod Ilsi d in lln lll\• si li luli nt ibe aieileialloll ol 
(fie piUts (*f ill'' t’e.ii Is lli.il eoliiiiiiiiiitall'I III llie Ibn.d Society of 
Edinbiii^h III IiS.S.) by Ihotess.n {{ ii Siuiili and fmllier ilhislrated 
in t??‘a^/tii‘.'* by the same authoi The oi.n seleiied for detailed 
(“xainination IS the standaid Jo\ i;i,ii ol the |j.ineashiie and Ymkshiie 
K.iilway Company. Ivwh link ol a p.iiln til.ir L;i,ir was made the 
subject «»t exfieriment at the IIoiwmIi Lo'onioii\e Wmks m oidm thai 
its ihnainic.il |H*C'iilinnlies nie_,li( lu* -im eit.iini d. and the lesnlis ot 
thes<‘ oseiikitioi) ixpeiiMiiiils .III siaiid in T.ible 12, p d03 Without 
the co-operatioii ot Mi Aspin.ili it woiikl h.ue been impossible to 
pi(‘sent siK'b a cuiiiplete pMciie.il example 'I’ln ie aie v.iijou.s olliei 
e\am[iles 111 (Ik* i'liapim lel.uiiio lo d\n.iiiiie,ii juoblems irM-onnection 
widi the ih’sieij n| loMiieiliiio and teuiiliK n-ds Tins (’hapter may 
be considm-d fnuii iw" aspects- tiisi, fium (lie piml' teduiical a8p.rt 
ifi eounection with the ilesign oi liieh spiM'd \,d\e .iie.us. sceomlly, from 
the educational aspect., because all (he ])iimip.il llh-mems re^mnhng 
the moti(m ot a rij(id body m a plane .ne jiuoKed in (he woikin^M.ub 
of the tocfolical problem .diseussed, .ind since tliesi- jumeiples have a 
'^•neral application to nieih.imsms a stinleiit ot (he Ihnamics ol 
Machines mayslaidv tins (’h.iptei with advani.itje Svillimit necessaiily 
acqiiippg a detailed knowiedi^e of ihe jiievious cliaplejs 

Although* (ho lopiesenl.itimi (»t (lie v.ilve djsplac'eineiit by a 1‘ourier 
series ma\ not have an imiiK'diate .ipplie.tlimi lu lh(^de5>ig|i,of a valve 
(^,.,11, yl (he method js exemplified in the l.ist Cha^w befianse offthe 
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ittcn-asin^^ use winch is bcinj' m.idc If^^cn^nnccrs of thi’^junvciliil ami 
som’^nig iiictlioil of an.tlvM'' C'onip.uMtncIy icct^illy w.is ^ 
jmMishi'd III tlie BuUetiu de ht Intn'mibuj^ah (/cv illecini'u’ns 

1901, Tomo 1, 2(li‘ ''I'lic) the lAmncr scius coinspt.mlin;^ lo 
the cnink ctTort cm\^‘s of 28 011 ^ 111 .•s, I'.udi scika Ih-iii^ iMmcd l<i 
9 (cnn'< d'hc uiclliud i.s <il i-iionnoii^ v,dii<- in d^^.dint; with tldliic.il 
|ho1t[i'|^is a l)iicf di‘>( u-'-'ioii nt llio ]itiin'i[tlfs (in wlmli the lAiiuior 
nudhod is li,d(‘d Is asMii’i.Ui d with ilic 1 \.ini|i]cs t<> wIik Ii (^- im iho(} 
is apj»lic(noi tlic hcjiclu '>i ill.IS. wild iii,i\ hot llio (nil. (oslud\ 
the mathcuiatic.d woiks dcvoiod i<i ilic suh|.-i I 

The \alvc di.jj;i.iiM id'd ljir"Uj;h"(il, ihi l)""lv ]s ih'- n-i t.ini;td.ii 
form, I'enorally kii'iwH .IS Ili' ( Khoiiu l{(\i;"!il (]M;^i,iin This di.i;^i.iii) 
hiLs ni.inv luhiiiit.iL^cs, ..lie ol tlioiu h. 11.^ ill.(I a dis|il,i.. iii.’iit ciimims 
the ,ijMpli of the < (|n..i icii ii ph'vnl nil.' 11 in 1-. I in^id.ii cn..idiiiali s, so 
(hat the ch-m^l^r Imin .Mi.d_\s|.. |.> i ii.- di i_i;i.iin ci rur ivimmimv .Msjiy 
be made -it .in\ nine 

It IS iiiipnrlam. I'» n"li.-c ihal .ill (he v.d\e diai’ianis in (he hook 
,ii«‘ ihawn lo represi'nl (he inoiion ..( iho \.d\« .is 11 would .ipj.ear to 
.ui olisi iver looking .il the I itoiiie liom .1 p.isi[ion win le (he (wliiider is 
sien lo tlie lell ol (In 'i.iiik sh.ifl ,\tid turfher th.il uli.ii is called 
the mo Clank posin.jii is ih.n pr.siii.jii ,,| the I'Miik in the line of 
stioke w'heic tin ei.ink is smu i.. I'lr of the ci.itik sliatt. Tin 
positne (hre< (loll of lol.di.m lioiii fin ]nwuion of (.fn- ohs. iver appeals 
(o be connteM loi kw nc 

Tl any \.dv«' di.i^o.un h.* !;i\eii .> (jii.iiler turn in the elockwise 
dn.-( (Ion, I ho di -pl.ici iin lit ' nn< s u ill iepn s.-ni, the mo\enn n! of the 
\al\e 111 a III.nine nc^iiie 

1 .itn indehled to Mi .) A K Aspin.dl d tin- L.inc.ishinj and Voik- 
sluic lhiilw.i\ loi the di.iwiiios lit ihe .lo\ .11 and tui* other d.ila, lo 
a\I. Bos(jiiet tor (he di.iuinos ,.1 ih. W.dsih.ieil o,mi ot Ihe N(»i(h'in 
of Fiance eiioiiies to Ml ( hni. hw.inl (oi Ih diawiiios o| (li.-hfi.nn 
Ailtrollin^" ,L:e.i? ns. .1 ..n the II 1 .. 1 I Western Kaiiw.i\ , to 3Ii Ilold'ii 
fur the (haw Hies ol iho (lieai K-isI.tii K.nivray link motion, and ot Ik 
combiiK'd hand .ind pown <i.niiolliiig gear, to 3ir Malcolm for the 
diawings of the W.dseliaeit ^n .n ii-ed on the Belfii-sl anfl County Down 
Kailw.iy, to Mi .Siil/i r h'l diaw.iiy-, .il the Siil/.ei gear, ko Mr F. W. 
Wehl) iof tin di.iwint^s i.i ili«‘ \II..M Oral um d on the London ai^ 
Xorth W.'siriii ll^ilwav , to Mi llinnphn foi tin dmwingH of the 
innruie t)pc o| hiik nioiioii .uid .slid.- \,il\e, lo Mr Varrow foi^the 
drawings oiithe all-iomid tvjx-ol coiiiiolliiig g< .u, .uni niam^othei 
Engh&h lywi American tin inK .md hints joi dMwings.ind iiituinuitioii, 
ack 4 lowl(xlgftnent.if of wliK h an ni.nh 111 (he text ^ 
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Nearly al^ the viil\('a iUus(;rated am! (lesenbi-d can be seen aft 
.sectiwftl iiiixlels^and the valve gears as ’ urking mudels, in the unique 
collection cK’ I'ligiiK'i^’ing apparatus mIui-Ii fbniis tlu' Machinery Section 
uf the Vici'U'ia ami Alhcrt Muftcutri, Soiuh Kensingtou. This collection 
IS the finest of its kind in Ihe ^\oI■]d The nimh-ls, uhi<‘h can be se( 
in nioliun, are siqipbed wilh Ciuupresscd .ur and e.in lie started at 
will liylh*' \i''itnr. The mndrl^ an‘ ll^llaliy sm.dl si-.ih* re])rod|^cUiiiis 
of mliial/ngines ami iiiiichim‘i\, ami (“iiii''eijm'n(ly .slatw the<lclaiK of 
eolistruclioli lived in piaelice ll is )lM|i'issil'le lo pl.iee to<^ high .Ul 
esUnial'' on thi‘ edm.iheii.il valm* o[ Ihis laseinaliiig and iiiagniti<-eiil 

collect lell 

lam sjieci.ilK iinlebtid to Mr Wood Shiitli .iml to Mi (hiodwin, 
I'lnii'iK .students at lie ('il\ and (luilds ThIiiikmI I'olhge Kiiishui\, 
loi help III iho mim l ion ..1 the wmKm; diaw iie;s to ^ull,lllie illuslMtioiis 
and 111 till' dt.iw mg i>l I he \.iK< dia^iani'' 

Mv gral'lul ai Kiiowli ilN,.|,j,.nls ,tie jl^o ihn to \Ii (' (1 Lonih lor 
eai\-iiillv .iml ciita.illy i»a>ling the piooh 

Theie aie a nuisiiKaabh nninln i <•! Iiill\ \\otK<d (‘\anijilis it^- 
tiihnt»’<| thtoiigh the houK, .im! I shall he gi.ileliil lot notice <>1 eiioi.s 
wiiieh icmam iineoiiecled. 
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(MIAPTKPt T. 

THK OK Ol’Ki; \'rH>NS 

1. Definition of a valve gear. Tli<- <(iiiiiiion' w.iy <>f uliliziiig 

a Haul foi iIm jn i lomi.uiM’ i.l u<iik is f<» ;ui;inL,^i‘ tni jt, loai'l 

on a |)istiii) III a < \lin<i> i. llw t<» .in*l iio iiioiKiti of ilii' ]iis|oii 

bonier 111.1 III I,I in< ‘i l>\ iho juojn 1 1 \ (iiii< < 1 1 iiti \ .iml omI of llu* iliiifl 

The valves nlixli .in- n-nl to (Ins difiv .iinl nn* 

of man) (onus and .ih* uiMn.s<i ni m.i'u n.i\s, bnl, \\li.ito\i'r l)io fonn 
and lioucvi-i IIk \ aio uH.tii:;i li tli.- diitv i> lla- s,nii<-, }iaiin-]\ tc> .idinit, 

cui ott, and h It as.'till fluid h.>iii i}i< (aliiidoi .if tin* propi r iiisl.nils, 

A valve gear iii.i\ In* <|cli)i'd is u iii< < li.niisni, o|i(‘ialrd l»y tht 
»‘ngjnc itsrlf, ulu ilir \.d\'s I. '^iiLiiiiio liio I'lilrv and i‘\i( o( fluid 
tn and fioin iho i‘\lindi‘i an- <')»«n'd .md rlosod 

Tlie \alvo g' .iis (•..nsid.'t. il m tins \o|iini' an; flioso used in 
cunnnclion with sto.nii < ni;inos 

2. Dead points of piston. Stroke. Sinc' all jiomls m a piston 

till* s.inii' s|m,<| m |i.nall< I Inns lli<' motion of llic jnsfon 
as a whole ni.iv lie drtirnsl by llio nioiion of .my otic of its jioinis. The' 
context will always indi<‘ale w Ineh poini is < lioscii. 

The points at the ends of ih'* (‘\lindci ulii'ii* the jiislon ihangcs its 
direction of motion aic l ommonU eallxl dead points. At those points 
the piston js nioiiH'tjt.iiiK -it ii'st The stroke of a jnston is the* 
distance between its^de.id points ^ 

3. The csKcle of events In the steam distribution. ^ An evVnt 

a stroke is tlie opening oi closing ot a \aKi eonirolhiig the entry 

or exj^t of steAn. 

I) V. 



ValrcK and Yali% Gear MechaninniK 









t ] Thf' Cfiele 

llu- jiiMDri Xi>nH‘lli'Kl is mdn'iilisi < 4 ' tin sc \*l\i‘s Inii ii i- 

to l»‘ uMil<'is|i)o(i lh,if tlicx c.in ))(■ (»{)< til'd .Mid iIosm 1*11 >)iri .m'l^idc ,i[ 

Iho nt;^\li nistatils li\ apptupi i,i(c nici li.misin I'^fi 1 " I' lLt I. i'- 

a ili.iifiam in ulinh pn-siin is |ii'itt'd \ctiic,ilj\ .'^rmisl iln vitluuic 
hnii/.iiitallv, I In' \oliiitii' s<m 1 c bcihi,^ "in li t li.il Iln di-'l.iin ' lx 1 \\> i ti i li-' 
ili.id jHiiiits (i| til" laliiidci icpi.s.his lie \ulmiic di"jiln>d l>\ tin 
pis|i;ti dininn a sli..k" « 

1st event. Admission. Siipjio^c ibc |ii^i <11 l<> ii< nnonu 

t'twaids rtn li'tl il'.id niilt' 'I'ln- "(..mi \.iK< N i" n|Hti>d b'l tin 

adiii]ss|ti|i nl "ti.iin .il till' pi'loii ji"s|||<iii III.lik'd ] in-.! Ix|i>ii l|i< 

pisfuM I* .M Ill's dll' III! di .id I < lit 1 " til" nil niiiiii:; "li 110 l Inis tin - hii:; 
and njijinsii);^ \\\( tiiotn'ii 111 ill" |>i"ii<i] limii tin jiiiini I iiiMil il .iim\i s 
at Its di ad jn'iiii \'>\ tIn- I iin* iln pi''(Mii n 1 u« " il iis di id dn 

W lliili' Sjiai " Ik I \M ' II |l Hid I In "I I Mil \ .1 1 '. I "ll'illld Ik ||II> d UII 11 ''I ■ .1 111 
at tin sliatii piiu pi.'"iii. ii- "l il< :i" l■’Jlld^ vnhiiin' .iiid jn<'•'I ih 
li'lii'^ Uiilic.ilid li\ tin III"." .11 Ii, Kn^ - 

2nd event. Cut off. Tin |•l"l•>ll i.iL;>d I", dn '>{<.1111 )ih"siM< 

licu iiii>\i ■' luw.uds (lie iiL^hi liaiid di .d |ll•lllt di" \.d\< N s(ill |,i 
In I'l I'jK n. Tin '.li.ini |>i|k s|t.iiild !•" iM.'d< l.n^i «ii<iiil;Ii In .illnw 
sitih' n III st, .nil ti> I nil I d>< 1 \ liiid< 1 to m iini nii I In pii •'"iii 1 I in Iv 

milsl Mil .is dll \ nllllt'" I" III! 11 .|S| d ||\ dll Mil || I'll) nt I 1 1" IM "I I >11 A I .1 

I'l'ltiili jmiiil '2 ill* ..d\i i"i|'.‘.d and dn ''ii|i|ily »‘l '•l' on 'Ml oil 

Till' slat" n| dll' "Il .111! .IS n ■ - M'|s I'l I "Sill I a in I \ "liiiiii' ,il tills |iiiiiil, )s 

sIi'AMiIm |i"iHt 2 jii til" I'l''"111 '-\"[niii< 'Ii.i:;miii .i""niiiini; tin sti.Mti 
[) 1 {H‘ to lie I.IIL^n cli'ill^ll fti ..dl'ill sullir ]• lit s|<;ni| t'l III.lint.Mil tin 

|Hf"siii.. .IS dll' \"liiiii' IS iti'i''.! id l'\ dn' iin'lnm ol tin 

[listen. I'beiii dll" |K)i,it oiiw.iid- dn- "Il .lilt 111'Il ,is's III \"liinn' is llic 
|ils('iM tn"\''s ten.lid" It" MLdit-li.Mid di id |)'iiiil .iinl tin |i|i""iJti jails, 
thmi^di til" ui i:;lil 'll tin "h.uii in i.- ivliiid'i ''■iii.iins (,'nisjanl 
jiriaidni^ 

^ 1 Tli.il ii'iin 1 " ik" ,i’.\.i\ ilii'.iiLrli (li" ' \h nisi \,d\"/v; 

2 Tli.it. imin’ k' iks In tin jiistnij , • 

;l Tlial in» II' 'll si( am k .iks in thimigh tin* v.ilvc «S'. 

In pi.ii'tn '• IIn-i' is alu.ivs .i i.it.nii .mimh nt '»! sic.uii rust la !• .ika^'' 

Til" missing quantity is lullv di'i'iiss-'.l in dn .uitln'i s lnKik Sf,‘titn 

Poirer. • 

3rd event. Release. At tin' point pisi licfoic dn' [ii^ton 
roachc-'i the iiL'ht ik ad <‘"nti", tin' 'xli.iii'l \.d\'* A’ i""piin d;*nil tlm 
htnam IS ii'li^iscd, cscajiiiiLC "itln i to the atinospkeie m to rtn* coiidTiisei 

ac'coidmg as^tli'' "ygiM" is oj the iioii-i ond* using oi ioink'iisiug l\p". 



4. 
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Thf stfito of iJio ''tc.'iin as voIiiuk* . 'u\ j>U‘ssiirc i8 shown hv tho 

jKunt ?i* 2.* Tlio jnvsMiiv lajmlly fi'lls to lla* jiiVNSuro in tho (*\- 

lUjH'.and theltdoaso jximt slionhl ho airan^'cdso that tho jfrossuro 
just aliout, fills to tills u'hon (lio j»i.st'»n amvo*, .it iho (load [loint. 

4th event. Compression. Diirino iho ^nrator paitof tho lolnm 
sli'ok<‘, flio A’IS hold opon, and a dolhiite woiolit of sfo.-mi (•‘'O.ijios 
troin'tlio ovliiidoi aiul llio piston ino\os haok nt^Miiist uh,ito\or jho-j.siuo 
thoiv may lio m iIk' (almd'-r At a (•.•riain point 4, tho \.iK(‘ K 
is olosfd .tiid a dolimt.' woiolil, »if sIimui is siml m |}|.-1 \lindoi As (In- 
pisitiri (oiitinnos its moiioii hi'\iiM(l tin* point 4 hovards (hr lolt (load 
pomt, (hr ptrsNiitr ,,f till' slr'ini oi,idn.illv iisrs, nnlil .it 1, wIoto 
tho slo.ini \.il\o IS opniod, fh sh sinm is adniillMl and tlio slr.ua 
piossllir Iisrs to llir pirsslUo in tin; sji.llll plpr 

'I'lnis in a o^oh* Ihoio ai*‘ Idiir r\rnls di\idiin; tho opri.itnms into 
folll sl.l^rs. 'll|r f.iui ,s|,i^i s lil.U hr SlllUlIlill |s( d llnis — 

Admission stage. Itiiiino ihr inhiv.d hoturrn admis^iun and 

(•III (i[t, K is (ln-i (I anil IS oprii, ,111(1 1(1-'ll ■'I'.im is pouun^ into 
the o\lllidot 

Expansion stage, nmiii^ (In' mii i\ .il hi i nn n onl olVand lohvaso 

holh *S' and A’ air riosrd, a driinilr uri^lil o| slr.im i«. shiil in tlu' 
o\liiid('r A" till* voliimr inrnasrs ihr pirssino fills, anil PV, tln’ 
prodiiol ot lhr ]III "Sillr .III'1 (In volninr is appioxim Ui t\ ( oiislant until 
iho oxhaiisi \alvo opriis 

Release stage. IhiiniL; ihr inion.il lirtu^rii irfi.isr and oom- 
pro.ssioM. *S' is shut ami A’ is i.jirii. and liir sli-.ini is pnshril out of tho 
oylnidi'i h\ ihr iriiiiiiiii^ piston, iho rxhaiisl j»assaors ami [npo hointj 
1.11,0. ‘ Ollollrh to plrVrlll till stcaill lllOloaslll” ''Ollslhlv III [irosMIlo. 

Compression stage hnnno the iiiiri\,d h< luri n compression 
and admission hoih S and A’aio olosod, a dolitiiM'ipianlitv of .sloain 
IS shill 111 iho o\liiidri, ami as iho \oliiino dooira‘'rs as lli(‘ piston 
appio<ioh(‘s till' (load jiomi. tho prossiuo risrs appioximaloU ,i<rol(Jiiig 
to iho lolatioii P\ —aooMstarit. Tho ditloioni |misi||oiis oi tin' piston 
hn tho loin rv 'ills air imlualo.! h\ dotlo.l linos, (ho ano\^^ indic.itin^ 
Iho diioolioii o( inoiion 

The c\olr Is (oiisidoiod ho^m whoii tlu) pisloii Is at a dead ^xmit 
with tho (nil stoain piossiiu- acting ou it. 

' 4. Nett work done by the steam during a cycle. The motion 
(it the pist(|M tioni tlio loft (load |K»nil. to tho right is main^.unod hy the 
action ot tho strain piossuir. and tho work done ^s roprosent(‘d hy the' 
urea in Fig 2 Tho inolion ol tho pi.^ton dnii'iig the upturn 
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stniki' fioin tlio M;(ht to tin* K'it di.ui j.iiiiil miisl in.inil«»in*‘ii 
a^Minst thr ]jro.ssnn‘ of tlu' siiMin m (in- wiuk, 

mu8t dono u])on tho pistnM lu thr •‘vtfut. the an-a 

i)('^\UA> Fi <4 2. Till’ wuik irtjiiiird t*'r tlio iftiini sttcKo nia\ lu- 
drawn Inmi • 

1 The kiiifh*- i'IU‘I,l:\ stun (1 in the j|\ u li< <-1 nid tlu - (•: In i iii.>\ ni-^ 
• {larK ot Hh' i . , 

2. From tin- iiuiiinul l•ll^l;;v ut i.n-'Hl duiin;^^ lh<- oiil- 

*s||.iki‘j 

;> Kiniii oll\( i hiidi l^ di i\ iML," I fi>‘ (ii '(<>11 (hi.mL;h lli«' la mk , 

4 Finn I s(< am jurv^uic .u'Iiiil^ mii tin- i i.dif-liand lai <* nt tin- jiHton 

Till- I'Hiilh I-' til'' ,L''ma.il m'lli*'il in iim' TIh m'ioM'I mrdi'ul was 
usual HI tin- < ul\ <rii^inis Tin- liist n«'iii<>d is Usual Hi 

inl<'iiial <'iiiiil>iis| |(iii Mi-^im s, and 1 III' I liiid m<'1 Imd is illiisi i.il'd li\ ]ii;^d) 
s|)<-('d * ii-^iii's .>t (lit \\ illaiis W’liii'lu\>'i lii'llii'd iu- ust-d, (In- 

li'-M wiak doll' l'\ tlu 'I' nil "ii lli< |iisi<tn a^aiiisi allr\ltinal icsist 
aiu fs 1)11 tlu I i”lit h.nul su!i <>1 il dm iiu,’’ tlu' c iiiiij)l< ti- < \i'li «'1 cm-iiIs 

IS It jin-sciiii i| li\ tlu' tlitithiM' Ixlwftn tlu' anas aliovt- iiu iil loiu-d, 

that IS li_\ llu' sli.uli «1 an a 2 

5 Single- and double-acting engines. An (-n<^'ini' aii.in^«-<i to 
Work as mdical' tl in Fij^f 2 is ualli d a sumdo-.u i iuLf s(, am on^um. In 

thi'si ('noim''i. as jiisi stat'd, tlu i< i al\\a\s the |iifulMii(_\ llial llm 
joliu n si ’tiki- mils! he jii.t' ul* d ft a i)\ im .uis i\i I'ln.d t o tin- i , lindoi 
nndm considi-ial it)n. 

If a dujilualf m { (<1 ^,d\ls an- ari.ui-^ul at llio ji;ilu-liand sulo 
of llu- t-vliml.'i, .IS sl)<)v\n 1)\ till di.|»( d liiu-' m Ki^ iliat tlioHti-am 
]iassos llnmi^li llu- cyi I*- ot <-\i-nts dt m nlu'd in Ail d, in tin- <‘liaiidK-i 
fmim-d 1)\ lIu' ii,L,dil-liand |..itt <>1 llu rylindt'i .md llii- in^litdnind 
IH'.toii fact-, (hr t iiL^iiir is I. niu <1 double-acting. 'I'liis s,, ,,nd <-\i h- is 
^lU.*vn li) doll'-d lims hi Fi_l^ 2. 

6 Instroke and outstroke cycles. It is m-o'-aiv ftidisim^uish 

hctwocH thf two i\rlrs (it .1 donlilr-aciiii^' riii^nnr vrT\ rlrarly when 
ronsidcrin;,^ tlm \alvr oi-ai. and tins is i‘oiurnirni|\ dmii liv naninig 
thi'in the outstroke and instrokc cycles irs|.( rtr\( U The ouisijok^ 
f\(’l(‘ Is that onr yl (hr two wllicll lirgllis wh'-Il tlu- plsluli IH on tho 
doml ]Hunt laillust irom tin- mosAu-ad. 'llu- iiisiioko <-\(lr lu-gjilk on 
the dojul cu^ltlr lu-.llrsl the ' lossju ad Itlllino ill*' oiilAliokt (*V(^lr tli<> 
steam pn-ssuir is ^mshing (hr piston md out, iiuniig tin iiisLmko e\r|(. 
it pullmi^it HI. 
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in iliiH w.i^ iln' !\\'> cNcIc^ *ii.iy h(‘ (IrHii'ii wiihoui, :iifil)i^nm\ If 
llir <\' 4 ni(lii \ftiicnl, lhi‘ fliMil ivint" au' <li'^(mgnish<-<l 1 »v 

(.illing lln'ih (hr Im>i|i>iii •li-.ni puiiit, hill ulirthn (hr <'Mnk sliatf 

Is .lhr.\»' <I| hrlow (||1‘ r\|ll|<li-t tiii'i. !>> Ho ">nfusl<iU J rran img tllr 
(\(hs A gitWl.il U,I\ I" (llstiMgin''[l hr(\\'(«ii lllr lu<t (Vrirs Is 

h\ M.lining ill'in Ullll (hr 111 tli,c fMlik nllglr i) ill wlllrll 

liir\^irspri (in |\ hi glll TIm-\ Unllhl lIl'-M hr lr|i-iMil (n ii.s tlir (‘Nclr 
hrginiimg uhrll 0 ~(i dr^ici'. or lh<‘ rn Ir ullrll ISO (Irglris. Ill 

in.'lr hltrlK t lir 0 ih gl''r « \ . ].• .ill'I tllr ISO (|. gh r r\r|.' s|).,rH\t 1 \ 

7. Specification of a cycle. An I'vni ol ihr inlr, ihungh 
pTiniaillv <|rlrinilli« <1 i)\ .1 \.lKr, IS lIsll.llK h\ sl.iling tilr 

jlrirrlllngr posil |<in ol ill'' jn-'toll 111 llsslhiki .l( uill'il tlirr'HlI (.ikrs 
plnrc A |»' irrut.igo S(.lh‘ |s (h.lWH oM (lir (ll.l^MIil Fig I, pl.lCrli 
SoIImI Its ( nils <'0|ti s||.iM<{ mill (hr ([iMlI pMliitv u| [hr^tloki Flolll 
this it willlirsorii that (hr hull r\rnts sporilN lllg t hr c w Ir IIkIkmIii I 
in Fig ’i iniiy hr li\rij .w l.iljuus 

Ailniission i.iki s pl.K r ,ii ns pi 1 nt ol lli' n linn siiok*', 

('ill oik (<lkrs phin at p' 1 ('flit "t (Im' •'ll'>kr, 

Krlrasr l.lkrs p|.|i r .i( So pi m < III ol (hr stink. -. 

( 'olNpll "slnii lilkrs p|;H-. .0 (»!t Jli-1 ( i Ill n| | hr st |ok<- 

If (hr riigiiir Is iloiilih-ad mg •aih (\«lr nnist hr s,-p.ii.i(i I\ sjui-thnl 
Thr (llfVrlriir.-s m (hr sporitir it |ni|s aii- llsii.ilh sinall 
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8 General remarks. In ili-' -.nK .l^\^ ..| ih-- st.-iiin ••iiliiik' 

t ll>' ■•111 I V .ilnl ('\|i .it '■l‘ nil 1 " I tir I \ Iimii 1 I i r ( util lull, li li\ s. p.il.ll' 
\,lK..s 111 il.illl)!. - t< Illl^ ( lUllli ■' ill- •" U. li fll!|ill. ll. i| s.i (ll.ll lln'^' 
U.'M' l<iin -'I \.(lv< > til I>| ><|» l.lh li 111 I>|||. I III ( n||1 lul |||< two 

ru I. - 

Mi'mI'h h |. il. 111. (I t in- ‘ 1"!,4 I ‘ ’ 'il'I. \ ih I III I T'i'*. .1 \.llvi' will, ll 
.■.•iiilniii (I ill. liiilh s III ill. liiiii jMiii.' x.iKi- 1)1 .1 iloiilili' u.'Iiiil; 

I'11'^ in.- i’.\ in^ |li.- . ,i 1.. . I till lt<> III'>11. Ill ,ii-i..--. Milt il.l\ i'll III. <1 

)»'] Ih 111 I li<. . V lin.l. 1, I ill . I Jil I \ . Ill- ..1 1 h. 1 \\U 1 \ . 1 . S S\, |.- ( nil- 

til'll' '1 li\ ,i ''iti:;l<' 

Tn lso 2 M.imIi'U Miittn |ii!mi(..| lli.- -'i.iil h'' sli.Ii* \,ihc, a 
ii w.i- ill. - nil. Ill ill . - . til 1 i! ]' ii I ii III 111 ,is I In- .n.liii.u v 
-'lull- \.il\i- in 11-'. i.i-il i\ 

I'.ilii till- l.'iit,' nii'l I li* li '11 i > ' i!.. II. (1. 1 il.i .1 li. I. 'U (he slmit 

I) Ill ill.' I'.ltli 111 i\l)l- li II N • il -i.'A III All I 1 .111*1 ill. I.'ll” |) 

ns Mini)... li il- M I il). (1 11 III li,-. ||. , h 11 |..ii III \ I! 

TIi<<m,l;Ii IiisI.'I I'- ilk ->..'ii.l, ii x ill 1 . .ni.n' i||t 

‘'fl?^ni\ slidi \kIv. Ik I"!' - <1- -i-t ilitii j M II li-. Il \.i! .. 

Alti.'! It i(liii4 ill. Hill |i - .1. ,r.ii i| Im -li.l. \ all'] ill.-11 iii.>.li- 
h*. 111 .Ills .1 .-"tl'Iil.-Ml l"'l "I Mi'mI'I'Iis \ i[ . 'Alll ll..\\^l|i.U lllll. .lil\ 
ol ill.- iiii'diin \.i)\. - dm. 1 III .'-.iilinl |.iMi.iilii^ In.'ii Miui|".|i's 
ii;in.ll drsj^rii Th. J) \,lk. |K nulls ill- d- 'I'^ll .'I ^il'.l I si 

''ti-.llci n.Us iJil.i llir liii.li'i . V I- li.il III. . .1 It|.{ ]| |«. ,dl,l.'-.l .1 |HSI.)|1* 

Alioiit r.O ycaH .I'^.i ili.'ii* w.is a iiinrti (.. tin- f..iir S'-|.aiali‘,>4.ilv.-s 

ot(h»‘i',ul\ f|.i\si't W .it t AI.iii\ lunl.l'Is I" i!,i, I I 111 (*. ||•_^||l(•.,•\\ ilI) 
t'Mii '• dh)]> \ak.'s 'ij). I I \ Iind* i 



.8 Valves and Yalvt Gear Mechaninmn [cn. 

jwik-ntrf] HjiAiiu ntM m .in h.is l*rcn in 

thist'^unlry by Mcsms Ilick ffni^icnvcs ainl < '(• of Holton ni ('oniicetion 
with tho’SfK'ncci pati nts ot ISIJ.’I and ISIj.l • 

VaKrsni.u 1)0 (lislingiiislicd into If 

1. Litt or “drn|)'' \.il\os, or tliosc winch opon by liftiiitf 

2. Slide \al\os or tho^o which slide ,h-ios^ openines oi j)oif'<. 

‘ff, Hockm;^' \,d\es, m ihoM- which o|)rn jioii'. li\ Inmiug nisti'ad of 
by sliding. 

9. Lift valves. The eomnnnii'^t kind oj |||| \,iKo is that shown 
in Kig *‘f, anil known geiieiaJK ns a niii-'liio(»Mi or untie \.d\e Wlien 
till' \ahL; j.s elost (1 flio eoiiie.kl |i.ii! of llio vai\<‘ lests ini a s<‘.iting 
Miniluily coned. To en^lue llglllnes^ till' aelii.il ^llrfuo ot eontael 
l«‘tw<‘(‘n tho \al\'‘ .uid the m at ing. that is (he spaeo hi-tweon ih<M h.iin 
(Jtitted lines A, //.should ho n mow, and the up(ioi paK' ot llw eonie.il 
KUifaoc of the \al\e m.u ho l)atk'd off wilh advantage as .shown m 
the tiguie. The \<d\i‘ is guided Lo ib s..uing h\ easily tilling wings, 


ls. 



Fig. 3. JliiiiK V.\r.vF. 


sho^-p in tho iil.in, or a coiilial bjniiiilo, and it*! upward motion or 
“lit;” 13 liviiU’d hy a Mop (S', 'riiooiotirully, tho vnho li fully o|H'nod 
wlion the vortic.d 0 }liu(hn'al .surfico. ino.i.smod hy tho prixluct of the 
circuiiiferenco of the lalve and it.3 hit. 13 eijuul-in afoii fo the aiea of 
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th'' sr«*am }ii]H‘ m winch du \.ii\.‘ is*pl.i<i‘(l oi uhicli 4 )m is 

ro<[uiic<) to supply. Ihacli*-ilK. iiimi<- IjIi. ih.m llns Ik*'J ivi'ii, 

othcrwist* the sfcatii will (hi)p iti pi«'.*'iiM diiiini^^ls p,iss.iirc' ihiiiiii;li 
the \dl\e, hy an aiiiniiiil Jept lulini; upon iN \cloi'ii\ 

Thi.s 1\pi* 4»| \.il\c Ts «jUllr IllisllK.ihlo jol Ilsi .J, a illslnl'lllllio \.ll\r 
for a sti ani <.‘ni;(iiie lar.ni-" (he Ioh-o rupni'fl lo Iiii u lo.unsi ih,- 

stcan^ picsMircs htconn'' inipi,ic!ahl\ l.ii;;'- .is the oi.iiii.‘l«‘r ol.tiu* 
valve <ui(l the in.aoiiilmle iif the steam piessiii<‘ nil i. as-- h'oi i-\.impl(‘, 
to hit an <1,:.;hl mi-h \,\\\< whi' h is .ih..iit .‘lO ‘-rju nc m. in s ai< a, a^.imsl 

a J)les>UU. ol JOO Ihs ||. I ■'■jU.lh IN' h h <[illh ' .1 |o|< . r.| j0,000 ||w \\. i^hl 

10 Double beat or equilibrium valve. This ditli' iili\ e\i ''0 (l 
even with till iiioth i.iti '.(i nil |ih s>iti< ' u-'-'l a I'liliin .i:;o, ;uiil to 
sininoiint it lionihlowii dimmImI what i'' r'-uiu.iIK an e(|iiililiiiniii 

\.il\c ahout till M.u IM'O 'I'll. ,ii i.tiiH, 111, 111 is shnun m Kio 1, 
i'loiii wliM h it will he ^11 It th.it lh< \al\< i-' i \ li'i<h!■ a! in I'oim ,nt<i is 
pio\Ilk'll with I'.\o .ilIII,ojii-.u .1 ami iIh oihei ai H. To lilt, the 
V il\e ao.inist a ph'snir p m iln pip« .s’ iiipiih' a |,iieo ,‘(]iial to the 

pioilii't o| y) .uiij I \\f <li[|< ii 111 ol .in Is I ni n spi.n.liii^; to (hi (li.uneU is, 


1 loi.M.i oi\ 11 \ \la 1 



Fig. 4. Fig. 5. 


D*rmd (/, ol the \.ll\e s.mIiiios Tho|.- s< , Iin (| t>i he illttldlll \ Ml 
kiepiii^ (he s,.iis d ami II •'iiiinhaneotislv i.ojii, h.iaime Tie*|oo|(f 
desciibos what Im calls an "Jnipio\.il lloinhtowi-i VaK** wheie the 
upper seal II H icplaml h\ pislnn paiknie .is shown m |•’ilr 5 Jn 
thl'> CiW' the \ahe m liltml i^^.iinsl a ioi'c im-.isiucd h\ (he pioilnd 
of the pn-ssine in tlm pijie and the ditli i' n«'e ol .m is eoijevj«aidni^^ lo • 

the full hole of the |Tipc and the mnei dinmtei ol the \aKe r/ ^In 

botll tvpe.s lloiillilowm s \al\e sOmiiI p -sm <1 lhlo|JL,dl the loWi;l,srat 
only, so tlnit The cap-uiu to ir.nisnnt sii am wx- oiih the ‘•iiiie as*t)ial 
of a mitre v^lve otfeipi.d diarneloT A nioiicin toim ol double heat 
vul\(f IS shown i|| Fi^ h in plan* at one i nd ol an engine cvhiHler • 

It IS provided with two seating's, A and IS. airunged su that tile steam 
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lias n ]i,isva>,^' I'-.ih u)u ri •lli'-^\al\< is |i|t«il Wli-u 

(•l*»v(l ill.'sttMia |iic'.suh'.iiMs ..ti (ill lie,' i.t ai'M'> •«.M.‘s|i.>infiii^ 

to t)i< (liainot.-is (I and />. iliai an iioa < <|Ual m (lii^>in|< <'i. d ai. a >>1 
lln- luo s(‘atui_o>, ,,t (lir \ d\.' ■■(! a pi in.’ ai ii^lii .iii^|i‘>> lo lii. dii< > Iimh 

of hll. 

Tin diaiii't.js J and l> in lln- <a->< oi 111.- \,(1\.' -Ji.iun m Kur () 
. 111 - ii‘sp.‘i“||\r|\ 7 a ali'l Si lln In ", <'M h "poii.liii'; l.i a d)l1.‘l> iii’o of 
ana. K {) M|uar.‘iiii’lii " Tli' phssiuo a:;aiii"l u In. li 1 In . \a[v. h.i' to 
Im litl( d Is (Uhs s (» iiiiiltiplii <1 I)v t ho ph ss<[|<- lit I III "(. am plpo 

J''oi a •^\\< n liti ih. op. nin- to si. .nu is . ,pi d |.. ihai ..ht.tin.'d ia 
two \al\. s I .n h 7 SI) m. h. s in di iiii. (■ i 

Tim nn :hod ..( ruling ih. \ d\. should K.- iioi. d Tli.‘(uo\,ii\i' 
a! iii^s ah' loiiiH (1 in a I I'l iiio v, hi- ft Ills mi.i (w., d. . p < ..humI s. a's 
/■’ I h> I oM I lo ( Ills . mils (III 'I n til no l,.i\ |.„ 1 1 ,,. \,d \ o spinillo 
llm studs ti.i holdiiio I h> <o\.t d..\\ii n.- fi'.d inio iho innii h'id\ o) 
iho lind. 1 .Ms| nu -o I liai w h- n I h. iiiiis in s i. u,.j,,u n | hi- |.iinl 
•''•"•'doal til.. and ill' i.isinr; nialii'h tin ■ ah.' m .iiijios an 

foi III. <1 h.'ld down nil iis . ntii. ,d SI ,n, 

11 Four-seated valve. I ., 7 shn,..x ,K,. pi,,M,h d with i..nt 
s. ihiio' ll<ii I laut' op. inn.; n oliLini'il loi ,i i.InniK small hit 
•'"'fill' ' ^'•ll)on ..| a h lain. I\ sni dl |n|.i Tin anaa-h.l upon la 
lli.‘ s(. uii pn'Silt' HI this , I, i!ii p!.)..i.d n.aolih. lotii \al\.' 
soalinos llirs\.d'i .'iidlh. viK. s||,,.|| m ||^ i, ni .'..itnpli'tioiii 

a Sid/. I .tuiim, th. -I'lailsnl ulii. I, I tndl\ s|,[,|.||. ,| |.\ M, ssis 

Snl/i 1 Ih.ithiis, \\ lilt. 11 hni. S\'i i!/. I land 

12 Dashpot and spring. W h. n \.d\.s ..l ili. .toid.l.- h.at 

hind aio Its. <1 lot I III a.IiMis'inii a . ‘ h Ills] \ d'.. > i u- nn . lumi' 
lliov an- tisiialU op.ial'd In liip- 'I'lat n lh.■\aK( is 

lift.'.I oti its s. li.'hl .'p. 11 li\ iiH.iii^ .>1 I |.',.| I ii_M_;nio With 

ill. spiii.llr, and at tho pjnp. I m i .nl f'.t'l..s|ju ih' h \ ini.i. i'. i| 
jUid^! • \al\o IS ft., to drop nii i.i ii> s. ,i 'linn in I'lo 7 ||,, 

T'kI /^, Opel. It.d In ill'' . iuin>‘ nl•<llnJnln ni ."iipui.iiou .will ih. * 
‘■atfh HI ttjoo'i J\ .iuuri,|.r ,1,. 1.,,, j 1^ ,d.l I., lifi, til, vah.' 

«'rt itt. MMi At tho piop'i instant tin n.owinoi ni'.hannni a-liiiL: 
lliioii^di th. h«i mills (ho tdoo, 1 ,ih.,iii (h. ..mnnoii pin /’aiiilth.' 
\aKo IS fh‘.‘I.. (Imp Ihit v\h. n a \al\. of tin him! nnd. 1 < "n'lih lalioii 

Is lilted nil i(s s.-at It ^ in < >|iulil)i inm as i< i|.|«. 1 ho sh ,ini pt. ssim s 
•Hid .speeiai iiie.tns nni'l lie tak* 11 1 .. .l.sc u rsiulK flu- \*i\\e 
i". lofuled \Mth*a spnii'.', and to pim.id iho 'pnno liiiiiiimnnjf th.* 
vi\U(* info scat n^is .’oiulnnwl with .1 daslijt-.i. s.) tii.ii the )..inl 
efiect ttt (he fJu to llie \al\e ],a. k into Us setlin^fs 
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(V///W (Uff/ yft/rr dear Mechaoknn^ 


Lt'H. 

uiMimit .sl^ii k (»r liatiitni-nr>L| TIk* Siiizcr ciPtiihuKvl spring and (ksh- 
[jD^'js .show#, 111 (‘iiinM-ciiPni Willi till’ FI^^ 7. The 

I" ii[i\v.imIs . 1 ) 1(1 Iciiiim.ii.-'s in a pislp'R. X)nrm^^ 

|}ii‘ iipw.ipl iinitiitn (>t the .mil pislun iIk* ^'pIln_l^ ivcompn'sstil and 
;ur IS (It.iwii m mi(l<'ini‘:illi the pistnli. WliMi the \al\c is fn'e f'loni 
llic Inp .u. llic spiiiig .IS. U I lii-M-N tlij- must al the saiiic linio 
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Valves and Vglve Gear Meehanism [cu. 

ivihantiifjc^nf lha faof- that if a ooin' expands under the action of 
he;i. tin* aiigh* of (he tone remain^ constant. A Collnann valve is 
mIiowu ill 8 ^ir will he seen that (lie cones tdrinin^ tlK; two seats 
ha\<‘ a coiitiMoii ,i|ie\ Lender (lie .u I eni of heal (lie si al iuljs ate suppose!I 
to incie.isr s 1 il;IiLIv ju di.iinetei .uid In iiio\e pgipoi (loij.illy fat I her ap<iit 
so lhat (he <»one aiiLjle leinaius A'^sijiiuno' (.he \al\es to 

IIII'IV.IM' a Illlle mote in lll.imelel til.in llie ^e.lllll^'^ llle lespeclUe tilth's 
ol <onlai’t wHli (he ‘•e.itui^^s Will iii<'\e a little lailieT .ijtail lhan (In* 
se.illD^s (In !ll''e|\e^. Dili in.i-'him h .is lln i one .Iti!^|i' is const.ml (he 
I nil'-' of Ot leilial C oil t.M t I'll llle \.ll\e a ill find .1 new ''111 l.li-e of rollt ml 
on the \,ii\e "i.itini;-' Till poiiii 1 * iii,i\ h. |.ik< ii ill an\ p<Ml]oii 
.llolli; lilr .1' Is Whellll Is 111 t lie pi llle of . It In f s. .| (. ( h.i I p.UlMIll.ll 
se;il l.eeoioes fl.-i |/nii|,i} Jf lie' s, ,iK i|< palls of sp]|,'||i,il sinfaej's 
having .1 eomiiioM (<nhi /'. lie i,d\e will li.ue .iddiiion.d Iteidoin (•> 
.in olillliod.lle llsi ll lu I li lilies plMdund li\ t || mt^e of 1 1 lilp> 1,11 11 1(‘. 
Till se l.lKis will Ind. of cniilsi ll lie \.i|\e ol sim 1 111^^ (tislol I holli 
(he linK iiiiiil.it loiiii <lii>in^ tvp,in''ioti 

14 The slide valve. General description. TIm -en. id sliap.* 

.md III'III ol ,i slid' v.iKe .iiirl lh'‘s(<.)tii poiu ,|i ios>, wIneh p 

\\"t l\s .tie shown 111 Fie d’h'- I Wo .|, Iiti p |SS tees .S'l. *S' eonn'’e|llie 1 he 
1 \ lindel w 11 h ill' sli ,|||1 ' ll' '( .III' Ml I h'‘ sli.l]!" ol tl ll ll ll'''i tlll""s I’oMlI'd 
in ill'* evlind'i u.ill iN>'ll Mnit "p'-Miiie' uiio llx' 's(' >m <h<'s( .in 
sh.i]ii d into M.iitou dlls .111'I 11' hioie.dif < lo'"' loe' 1 hi t \a me l»i 1 wei'ii 
1 III SI open I lies Is ,1 w I't 1 sht u hii ll (ol nis (111' 1 tili\ lo (ho p,iss.tM,. // 
i.itnine till s], Oil i\\,i\ fioiii ill' i\liii'l‘i lo ill'- I oil'll iisoi, (he 
.ilniosphito o] to iiioiini i\lnid'i in llie I'ase ol eonijioinid enenii's 
d'hls t \li lil''l pi'''',!;.' liiusi lio I'd ,iu.l\ so ih.il It ih.lls (lie ste.un 
p.iss.i'e's ll Is >lio\\n iiiiMiie loiiiid llie (\lind. r w.dl in ih'-fietiie. 
.ipp' atine 111 < I""' I 'loll .it The lliii t I nil.'ll" s lo ih' se p.xsNie*'.*' 
(1 m‘ i>oi I's .is lhi\ .lie ' .lit"!, .Ih' lotnii'l into tone ntitow shts lung 
el'ISO 104. ill' 1 in onl''i th.ii the \,d\e will'll iiio\i s ai los.^ (hem nia\ 
leeiil.i'e (In 'lill' h 111 • \ ' nts o| (h'’ Iwo e\i 1 < s hy -v h l.iltvlv sinud lo 
.md ll" e\' ni'loli ,l'•lo" llx' p'llls, liei'.ilise tlm sfidllie of (he \;d\e has 
lo h.' iii.ide .ie.inisi ill'' tinaion.\l I'sist.m"' pio'lii"d b} (he steam 
piessiiie a't llie "ll 1'“'h e 1\ ''lid iP.ih di.ieMliilii.llie only 

Tilt' sh'le \al\e r Is show n hit'd \ ' 1 iie.dU oil its .s''al, and from the 
s'ciioti in llie lie'll* 'll! hI'.i ol Us >h.ip'' "in he oln,lined U nia\ lie 
louehK d'‘'<'1 ill '<1 as a box lid u It ll a ll.i( nm A •'■'■(•‘H.U'd.ir liaine Ji, 
foti^i d soli'I with the spiudh' iK toi 111 me what |s (.died (hi; \al\e buckle, 
is,diopp'll o\ei 111'' \.il\e, ami till two <11 e pi.mi d in lhi»sti am che.st C, 
thioueh (he end \ (», wlinh ni.i-\ In' u moX'-dJer (lus pulpo^e. Thu 
top S'Uam (.lust eovm //, piovakd to eii.iMe tli(_; ]>(>its be iiim*hincd, 



n] On Steam Dietribvtnig Valves It 

is put into its plaoo and tho \a!M' is tlion mclosid m tin* stojini rlic^i 
but run bo iniunl urioss Ihr poll-. Imiii out'iitr In luring ol lliryh, 
spiniilr tJ Till' \,lho 1» dlouil Ml Ms nMlIill pi'sltMMl «llb HUJUlil (■ 
tho polls 111 I'ly 10 . 










* t • • 

l(i Valn’K niifl Valve Gear Meehanmoi [cii. 

Tij«* Ls jjuvsfd iijinii It*, siMt l'\' ilif ''if.im avtiMi; 

ii|KiiV]t i'? I.ik''ii n|i aiif'ijh dicalh Tliu iiin.sL tn* 

:\ loosf jit III lln'^l'in kli- III or<l--r t<> allnu llii'' .ulmn to luko pi.ice, 
• '•picj.i/K li.iMui; i( to (111- I.H I tlj.u :^iin iiK l.il "I wlin'h tli<‘-\:i]\o 
iisti.ilK iii.ulr, ( xp.imls al a i^nalii' lalo iiud<’j (!io .fliou nt hrat 
than till' liiati ual ol (lio liiii klo Tini«- ah- uiIk-i ua\sol (oiiiior tni;( 

tlio valve ^]ltll'|]e |o (In \.il\. Tin iinlhod illn-iialMl i>> u.'-ed m 

lo, 0|||I.||\1- p|.ii-(le(‘ 

Tn niidnsi.md tin c.( tin \ ;|v> ilio '■i<tiiiii n| ji vli.iwn m 

I'j^ 10 should 1.' h -ill.I w II nil I |Ml 111 pi.t p l[» I nl . ,|ld 111 old' t 

lli.it It iii.i_\ 1" iii'iv. d to I ill ii_;lil o| |< |i <>1 ill. .. lilt,d p. I'll loll shown 
III III' tiL;iiii ll I III' h<- doll. |i will III- ..|..i\.d ih.il asiith<|int 
IIIOVI Mil III nl till v.llv. lo till Mn||l ol ill' <• nil ll po'llloM Alh pllt t Im 
hit si .-.1111 pnsi-( in I otiiniiiiii',ii loll with tin 'h iin < In't whiKi .it 
lh'•slllll (inioih* ii'dii 't'.iiii pis-i^, I' pm Ml I niNiiiuiin ll loll \\ 1 ! h 
the .'ll.nisi p.i'S I'ji A iiio.iiinnl to tin 1 |i .\il! so i. w i'< lln-se 

.‘oiiin-< I lolls I ll it i|i> ii.lit p.i"i_' Is III < otj|iiiiiiiii ,ii |nii w irh I In sh.iin 
<jii St ,uid I In |i ti with I In- < xh a. -I pip. 

15 Ste<am and exhaust laps. 'I > 'mU ihi' .i.tioii laoi.- 

p.Htieiil.iil\ tin |o||.>,v III<1. Inn niii'iiiii-i l» nndi i'i.>od 

I'l.H'i tin \.il\i 1 m-.: |n in It. 11 nil ll pi’-ii!-iii I ll,. mi polls, 
lln-ii eoiisidi I in^ ill. iijlil id'^. "1 tin- v.iU- whnh 't l. i iiiiin s ih'* 

» V .'til s III ill'- lll'l loki ' \' l. - 

Tin .iiiioinil hv will'll tin v tl\> "V- 1 1 ips t In- 'f. .im poi t ..n 
(In .)dni]'si..n sid.- is ..ill.. I tin steam lap. it isni.nk.d 7. in 

the |iL;uh- 

'I In .iiiioiiiii hv uhn ll tin- \alvo ov, ilaps tin- mi pot( on 

Ihe.xh.msi si.l. is < ill. d t he exhaust lap. Jt isin.iik'd/on 
the di lu mil; 

'file iliiin ii'ioiis A, .md /, .ire h'p'.ti'oK il*« sham .md e.xli.uisi 
laps t..[ tin- nnt'tioki m* !>■ 

Foi ill. pt'siin \\. in i\ .tssiiiii,- that tin- st.-aiii la]>s jin* I'qiial and 

that til.'.'xh,Mist l.ips 1 ). ..pill loi tin lv\oiyl.-s 

S..iin Iniii.s tin 'h .mi l.ip !> « dh d (In- oiiisido l.ip. b'-e.'itisi- steam is 
e.-m lalK adimil- d on jli.- onisi.i. ..( tin- slid., valve, thou^di tins is not 
niMv eis.ilK t In i.is.- Sitiiil ll 1\ . In . xh.iiist l.ip is .-.ilh d the inside la]) In 
ohk-i to av.'id possihh- < ..iitusi.'h M is h. tlei to deliin (he terms as aboso 
. d'he vvnltli ut (he ujM-iuiiL,'<d tin- ]'oit t"i the tnimission ot stoam is 
giVfi* h\ tile disj.iliet .'t the \.il\e liom tin nnti.il |iositmn mithw 
the steam ).i]i 

The width Col h sj ..ndiiie to a d* .id j'oinl ]^o^.ttoU "( tlic piston is 
calleil the lead. 
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Hi 


Th' VI iillli "I ill' ill' j'l'iij"! ill- ' %il "! ''I'jKn 

<‘\liniiii I'-l;U' n l'\ lli' «1 i'-Iiiim "t ’t'l' viKi iK* i# iii i il i"ii 

llUll‘l•^ till' I \1 j ni-'t l.ip • 

16 Negative lap. WIkh Hi- \ i!\. [.'i. .1 m fiiit.il 

^ pcvitl.'ll I In Ir III II Ik II* ..V. 1 I.IJI I |( In ' . .(i I I]. nil 111 I \li lli>' ■ 111- lit 

till' ]HI| t 111 W 111' ll I I'- m| , M'|» , I 111 \ il, I li I- In il lu 1 1 1 nil !1.|| i V 1, 1 1-1 

l.iji l'*in tin I, I In \ ii\ I 111 n iin* i - < 'i ' ln-i (In jn-t i • ni ii • < iil mI 

jm'^iMiiii, '■> I II ii till 1' ill I" I ''ll III ' I i| III ji ■!! n ni'iiiij "I" II I nil' I 

nil tin I ill ni'l m ill' -Il rn 'ii|- In ! n- i i ■ 

’ill- w hi li < if I!'- jn-i I I'l'i Min : 11 'I ' Ih I- nil -till I' ' ill'll 

1 * 1 - negative steam lap. 

'III. Mil!.. II,. ji..!' . |i I 'll i.'l tin I -111 -III. I- I ill.il 

th- negative exhaust lap. 

'1 Ih M- . 1 I I . ■ I' n. I I I'l , ■' ■ " -1 ' i!,' ‘il I Ih \ il. I lii'iii II- 

1 1 111 I il I'-i'ii ."It ' I In ■! - !' I I I 1“ I I ‘ • nil - I - \ i, 11 . I \ I ' III. !■ 

-I. tut 1 i[i 1 ' III''', I. - 1 | ’’in I" n' -1 ' I - , ' 1 i|i I iii-'i' ' I'I mill'll I' .'I 

lit- I (III I II I- I|. ,1 'll I ' I', ' Il ]ri ■ ' " 'I I ' I I ■ I I ( Il 'I I . 11/111. ' Ml -'mI' t 

(" [.| ''" 11 / 1 In I' > i II. ,•. 1 , 1 ' n II - ... n In/ll -|ii . .1 

I 1(1 -I -lill' !i II I • II" Il ’’ i'l".'' !■ . J II .'i I "II >1 - I .S 1 . 1, ij) \ 

17 Critical positions I- ' n ' m : irl 'In <li liinii. U' )ii>t 

•_'|V, II iihl -1 'hi. 'll ■ ’ il' Il I . n. in ' •' ihl I ‘I I »1 ' 'll I Ah "Il .1 

[ ;■ " I I I nil I 'i- I' .. '-'Ill .. 1' I I III. .1 t 'III hi' I 

1 Ih III-' '"I ' 'll'' 

( 1 I \ 1 1 11 ' -'" 11 ' ■ I .. 11. I I -i, 111 ; I I i 11 \ 1 1 \ I . - , I f . i. 

'I' ' n,i I) "111 i' - ' I 'i' I 1 1 ' ."h . i|'i il I" I III 1. nil I i|i 

n,.| i',. i| ■ ii'i. I ,,, I . M/ 

f Jl I ' ' ‘ 11 ’ n. I I -• il M 'li I I (' 1 cli-l III' • (I'llti |t I 

' Il I i| II'I )i I' I 1, ‘'I 1 il 'I i'll I i|. ihij I Ih 'll I III- 
1- 'l.'Mii.i'!'ni_ 

( 1 I Ii' il I - ' li I ' |i| I - Ih n ‘ 'l' i' I I- ll I 'I' I III. I I'l.ilM il i 

11 in I il I'' Il I'll 'I'l li I' I I !■' ■ III I , ' iji iii'i t Ih ill n Ih' I’ 


( 4 -) r.illljlj. •.-I'.ll 'll,I-, j.l I mI, II 'll. ,|!,| |v , lll-l 111!*.. 

Iliilli I I litlll 'll I 'I'l ll 1 " I In . \li 1 11-1 1,1(1 .ill'l fill' 

ili-l,i'i.' I- I'lti/ 

'J li'l'' til'' I.ll' ■' •■liiii '1 .11 nii|.'if"ll i|‘ I iiiiih'! I»V 

till'-fi .nil 1 1|. .iii'i . M ll ll ^'ii- 'iil.i 11 tlh \ .1 it Ih -,1'hi i|i-i III* 

tl "111 11- 1 1 in lal ji. >-l 1 1 . 'll W Ih 1 111 1 I In [ 111 -111- III I '' I: I "11. - ll* 
t" aiiiiii—i..ii "I 1 ji ..|1 if. |(i ||,|. i'(i.iji ill, .Ji),, I ..ji jM V ill'll fill \.ihi- 

t- lit ik. iii'i.lnt 


D > 
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Vahvs and Vedm dear Mirhanismn 


\n\. 

Sll)lllail| IIm- <>t ,IM(| «'i>lri|itrvM.il| air llrtn lUtlM <1 ll\ 

till' ^vli.uisl kpainl i-adi rstut. Im iriiis vJu ii flu- \a]M* H at ihr vaim 
ilistaiiM* iruiii i(s«( 1 111 r.il [ir>iii(»n. di,- jn)s.|t]on fiMiiij thr <\rnt <»f 
n-lfilSM Hi ('Oliijih sMi'll .1' < .in|niL( I" I 111 lIllM I |<||| ol lilrl toll oi f hr tilKr 

Tlirsr tuii jIC-^|t|..||^ iii,i\ thiliti'lr hr ■ >|iM.ll‘K i.lllri} llir 
ClitHal |i<«slhr||s ni' (fir slnli- \al\r 

18 Inside steam admission. Tlir ^ImI. \.il\r . m di.ii ihr 

flislijlmti'iii tijii.ilK Will il ''I*.lit! I-'.i'litin!■ (| nil fh*' in'^Klr mIl;** and 
IrlraHid ill till iKllMd'' (di^'r (l) till'. iaM‘ tin |.|j)i /:' unllld \h‘ 
conilirt.ll with llir hnlli 1 aini S urllld hiininr (he I \||all‘'t ['Ijtr, 
Kl;^^ !l. ,iiid tlir sti.uii I,I [1 Uuiild hr addid In tin in-snlr ili.- \.il\r 
and llir e\li,iiis| lap tn llii rM(-.idi d'lir '.li.itn pii"iii< in lliis 
an.irirriiirllt, Unllld II,)U .IM |n lilt tin \ ll\' "It iu*-nil ainl tllilr- 
tnlr prn\l‘>inn inti',| hr in.ldr aptll llnln III,' '•l< ilii pl'^'.'llr, |n ki , p 
ll down nil (hr puli'. liiMih ad In I"-in|| ,'ti, ii u i d u 11 h ''I idr 

VaKr'.l nt 111*' pI'.ilnM t \ [ir, In hi di '' I ih' d p', -i ni h . I Inti un ll 1 hr l\ pr 
hlinun in \'\'^ ih 

19 Marking the valve spindle. 'Mr \.il'n Tiii\h. plniihii.iii\ 

nllr nt (hr r| it n <ll pnsiUnin i \ < n U Ir II H I > dill I ll|i III I Ir si < .1111 > III ''t 

it thr \,ilsr •'piiidlr h.i> 111 i II 111 Ilk, d in ih< in iiiiii i >lirun in Idr Id 

do ni.uk (hr '.piiidlr iiM' a ll.iiiiiii'l -diip'd a' 'lirun ill tin liLpilr, 
ni.ldr nllt nt, sa\ I n| ,, St. i 1 (lit lili^lil I" h, .-il' h ill.it wlull rllr 
riid irsfs in .1 I oii^i nr 111 K plii,<l niilii dni mi ilii 'iliiidm iImJI 
(ll is shnuii .ir.iiirl tin llin:;rnf iln 'iiilhir.; tm' in llr kilch) llm 
nlhri rild Is at ll',;ht .ili^li s (n iln ''p'lidl, |•’ll•'l tin '•halii ' In 

(‘n\ri hrinr nit, pl.n < ili' \.iK, 111 It' iiiitiil pnv|i ii.n, maik tlir 
llllr (K) nil thr spindti .Uni put in a cilillr iMt Cnlivulni (hr 

ll|s||nki‘ t\i|r I'llsh thr \.d\i l<> llir h ll a dlst.ilin ripl.il In till' 
''(t.uil lap. til,Ilk tin S|ii||d|r Ullll 'll, llalulinl .Uid ptU Itl I ll< dnt (( 
It (Mil linn hr hiniirhl inin till'. I nil- d pr-'i'niii r^iin .it ,in\ tliiir 

u In n thr 4 n\ ris .III nil h\ iij, ti l\ 111 t Mil,; (h, I t.itnnn I tot lii^ dnt "'hr 

dnt /im.uk-'tln 4 1 itn ll pnvii imi tni I, h iv. .uni i oinpii "imi Thr duH 
(• ami '/ •'iiiul.uK in.uk lli- iiitn.ii p4iviii.,iis |ni ihr (hit''link4' <\rh*. 

liitlr (‘nnsi4l4 i.ui4in will nImiu iIuI uliiii till \d\,' spindir IS 111 any 
p4isilinn till' applir.itinn n| tin' ti.uiiiinl (n (hr -.pindli Will fi\ a point 
at .1 di''liun‘r Imni thr unii.d po''itioii O, uhnh divt.uici' is tin* ills- 
pku'riin lit nt I hr \ .d\t‘ lu'iii iiv .. nii.d pn«iin,n Kimu nn^ this ihstancr, 
tiu'ojiriimns 4)f (}n‘j)oii.» 111 ' iiln I '\>U iim\ al nin r Iw intninl This 
indlmd is iiM-iI in 'i.iKr •'l•llUlLl .uid will hc' irtmid lo ulirii that 
hllltjirt IS lUldi 1 r,insn|rial Ion nnlr vp,,|hrail\ _AlMHl.Ui;rd \h\v of 
tlu' maikinr is .shown 1 m Inu thr ^uni.d dMum^^ Knf 10 
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i>u Steam Uititrihutimj Valeeti 


ill 


20 Modifications of the 
typical form. Tlu [•-.tr-' m ui\ 

.i| th<- 

fiUin \<i shdr \.i\\r |lls| .i.'- 

M I hut ID .ill t Ik vf 1 . 1 j 

till ''Uiilii ilid « nIi.iU'I 
l.l])' al> (l< IllK <I III iIk '>>Iii< 

\\a_\ and I Ik v d' I* ! iniM' I In* 
• MiKat ]•<>)](].. 11 ' <•! rl'> \ il\' 
fill tin- ' n^lit - it III" I'l i!k 
'll' ki III (Ik il'Kil'!' M< li ID 
I Ik uav jii'I I ' |it nil' 'I I l.< 

I U'l ]inii< i|> d <>)'|< < I' aiiiK <1 al 
III ill' iii">lili'd t''ni" U' lii-l 
I" Ml' M i'' tin II' i "M III |i'>iI 
"j>. Illtij t"I '!■ I'll t'-l l • *1 

ni'K.' liK Ml "I 1 Ik . d .' ' "M'l 

K I" li. . I I', ill. ti I ' I'.M d |. 

'1 >t.ni'' I't ill! \ d.' I" di.iiij^ 
l‘» I'll. 'I' 'I ihllij i',i "I'll 
iiK'diti. III'.I,' "1 il,. '•I,"ii I* 
\al\. it v ill I" ■ ' II.' Ill' 111 1 " 
d.'-llh. \l'iid"'!i-Ml'.. \ k ' 

II j' I .'jti'd ti"iM Miijil"' Il ' 
III' iii'.n 'I II. d \'iL'.i t 

IT:*'* *1 I'l I \ liiiili I I' III I "il- 

IMIIIIK at l"ll tM’ll ' si' III) 

I Ik sf llil-'ii^l' t s|".M 
•'ll U^'lil jii-'iu*'' N, ni'l .■' 
Till s||.l' \ d\' v "ik HI.' ,!■ I" • 

til. s. |i..| ( ..JK l-ls M, I ] .||n _ 

<1 in 11 “" S'. ii'.ii ' II 
niD^ at tin . n.|' ll ii pi it. . )', 
.uiil wliuli slid. <tvt I ll 

[xur sinta<. till -' Mil iitinl.n 

sji,H ]». t\\. . II th. 1. I, I ,.f till' 

lidM’ .iiid till iii'idr ' 'll \. ll pai t 

of the sii nil I Ih '( III iijj p i' ki .1 

asjiiduatid III tl.' fiLtni' 'IIk 

*<1'.uiuln si isjliiis djvid. d int'j 

thr»*i‘ jiaits, .'v < • niral p.iM in 
i.otniminti.moi^uith fin s[,ani 




Pig. 11. Ml uo'x jf V'ajm 

'Iin Misn 1» Wnj, 
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pipe, Hint two riid p.iiN^iti (viiiinuiiie.itioii with om* another through 
the fenlial |^)e and with the eoinirnser at E. Steam is theri‘- 
fore adfnitted atwlln* msidr, and releusod al thi* outside eilges of 
the jilates. the I'Xliansi sleaiii fioin the top linding its way <«*> the 
eondf'iisei tliioiigh tlie (Tiilial pari of the \alte So t.ir as the distri- 
hnlioii ol ste.uii is eoliet'iin'il, the \al\i‘\soil\s \m(1i insjde admission in 
the sniie way lli.it the <iiclinaiy slide woiks The skeleh, shows 

alse that (he \aKe was opeiated ]i\ an aim fixed to the piston lod 
sliikilie d|s<-s fixi'd to the \aKe spindle The liioiion of (Ik- \al\<‘ was 
llmietoie not. eontinuuus h'oi the p,i,i (tf ihe time oeeupied l^v 

the slhike of the pisloli |f Was at Ic'st ill .1 position W lleK' the ste.Uil 
had flee a<-(<-ss to one «'nd ot the (vlimlei, th«‘ eondtns«'t Iwiiig m 
'onjiMiHiie.dion at tire otlier iiid. 

21 Trick valve. When the shdiin^ mta.imnt of the \a!\e 

aeioss the po| ts IS c-oil till lions, ;is w hill opcialed }»\ (lie '«nil])le ei-eelll III 
geai, then* Is o!d\ a ^nuln.d iiieie.iM- n| (he width ol (he op. inn,”, so (hal 
foi a eoiisidi ial)Ie I Ml t loll o| tin lime .n jaii”i d hu admission tin- steam 
iias (o m<iki' Its w ly tliioiioh a w I.iIim !\ small an a ol opening, and in 
eoiiseniieiii e l.vlls in piessine. a los-, HI iieiall) knew 11 as " wile diawing ’’ 
In the Turk Ol Allan \aUe. Kig 12 a pa'->age /* is ea'-t 111 the hack, so 
that will'll the \.d\e is jitsl. opening ha stiam (In iisiial supply at tho 



edge is snp|ileineiited a sieond sitppK inliodiicid into the p»rt 
ihiotigdi the pivsage I\ the opmrig and (‘losing o( this passage being 
efleefed b\ I In- edges .i| (h, \alw's. at A’and A', as^the \al\e slides acioss 
(belli It th«‘ \aKe Kig 12 Is se{i,iM(e(y diawii and [liaeul m the ciilical 
po.itionsjt will be apjianiit that, consideimg the admission fiom the 
led edge of the \al\e, (he dis(,\nee a tioin the msi^e edge of (he (vussige 
P to tho edge of the seat A', must bo equal to the btoiimlap E order 
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that th<* stt-am |n>rl iuh) thi- jmvNiijj* iniu siiniiltatu-f^islv Whrji 
thiM.iKi* h.us nu»\i'<l u 6 lo ibr uglit '»t ils coirtj.jl .i 

furtluT inowmcnt to tin* iiuh-.t'-s tlj«‘ ut' tho •ojH'tiit>i( 

l»y tin* str.uii idir, ,it (In Imt tin im-'i-s 

the t»|H‘ning (►f the 7’ li\ .iii i ijii.il .uiii'iint, mi th.it llir 

I’oi str.uii n niaiiis eoijsi.itit until tin |ii''S,iL,n' i' l■n 1 ml\ cluv'd lu 
the bruloe hftun u th>'''It.itii .uul tin < xli.iU'-l \><'\\ \'liiiis’*i,.ii ji| {||<- 

"f lh<‘ \.i|vi l"l tiu lll''l!'>}v' t‘\i|i |s ''iiiiil.llh 

iiu'liteil li\ jl( .1111 jMssiii^' thlc>Ui;h I lu' tinnj ih<‘ i« M. I In’ cii^i' 

eolitlolllll^r inillJfM-U'll . 111(1 <-ut (ii 1 S.. 1,11 .IS (j), j..i-,sii;c is < .il|( ( |J|( (] 

In «l<'si^r,iiii^ ,i \,i)\c ttj till’'kiln! i.ui tiiti-'i III i.ik< n tli.il •'IiIIk It III 
uidtli bet Hi I II the I <lL;f III .1 ■'ll .1111 jii't I lUl'l till .111 j. II I Ilf « |1^I‘ III 

the exlmii't jxiit III pri\-iii tin ii.e"' I' i-in nnii; i l•mlll!ml< .ilii-ii 

brtuicn till sti .nil I hi'I .iinl tli<’ i-xlinist ii.i" i:;-* 

22 Double ported valve. A \.il\( il- -il;!]' il tn s, < nn suth< ii-ni 
jn'it 0(1' iiiiu^ with .1 n l.ifivi l\ •'ti“k' 'in! in 141 ii' i.il ii^- fm ilii‘ 

I.>\s jiiissiii,' r\liiiil.|s ot iijiiiiii ^■||^|||. s .iinl kiniwii .»■- tlir i|iiiil»li‘ 

jmitdl \.i!\i Is slii.wn III I'n; Itt Ill'll luH sji'.iiii jniits .ui‘ Iminril 

oil e..i ll s|<li ot till- (\!lll|sl lii'lt .uni tin liohl M‘l' o( till V.lhi JH 
jiio\ul»i| vMtii hvo I (II;* ' // /» I.' ur.i i'liiiis«i..ii .u tin si iwu poits 

siiiuili.iii. <.i|s|s iinl 1 oi i. «j...iiiliii^ Im lj„s. ,11. t v\o «(1^1 >» tt J will-ll 



ojh-n cojuminiM .ilioii with thi- « |i.iss'i^n. A' A [i.i'-H.'icfe H 

lorined lU’fo'''' til*' \.il\i' to e‘»Ii\( \ ■'tiMlii to tin e»l^i /), A ^IJlilku 
si-l ot ed^^i .H/*V (1. fi inline till-dhtrilmlioii .it tin loft^deel 

the va!\e foijlu oulstiokc o\ih- Tlu’ sl-.nn .ifnl - vh.iust l.iii'?*an‘ 
indicati’d b> A. L I .uui I n-i iho insiioki- < y !'• .uid L,, A,. .ind /j tot 
the ouf.htlokr #\cli-. * 
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Valves o| this kind can be )uade with three, or even moie, peals for 
each’tteam way into the cylinder. A section through the intermediate 
pressiire.and one otthe low pressure cylinders of a battleship engine of 
11,000 indicated horw' power is shown in Fig. 14, which illustrates, 
amongst other things, the general arrangement «f the triple ported slide 
valve used with-the* low pressure cylinders of this engine. The triple 
ported entry to the steam ways at eaclf end of the cylinder is clearly 
shown. It will be noticed that the face on which the valve slides is 
really‘one face of a plate through which the ports are cut, jiorts in 
the cylinder casting corresponding with them. The e.\hausc jwrt E 
lies between the steam ways. 

23. Balancing pistoOi The weight of a .slide valve of a large 
engine is consideiable. The triple jwu-ted val\o just de.scribed weighs 

tons, and in the largest <'ngines the weight may be as much as 
3 tons. To lelieve the valve gi‘ar the wright of the \alve is taken by 
a balancing pist'-n JJ, Fig. 14. The bottom of the balancing jnston 
cylinder is in free commiiniealion with tin* steam chest, a clear way 
being left nmnd the piston iml. The upper part of the cylinder is 
maintainoib m ci>ntinnouH communication with the condens(*r. Thus 
the difTcn*nco of pressure per s(piare jn<‘h hetwem the lower and the 
upper Bides of the piston is the difference, between the steam ch<‘8t 
pressure aiul the condenstT prc*s.siire. The area of the piston is pro¬ 
portioned to take the weiglit of the \alve and \al\e gear, le.ss the weight 
of one eccentric rod. 

24. Balanced valves. A steam pressiiie of 200 llw p<‘r square 
inch is not uncommon eithei in marine or hicomotive practice. Methods 
of relieving the total piessur<-,on the back of thi' valv«* in order to 
deci\‘as<' the friclioiial R‘.si.st.iiice to sliding are used with pressures of 
this Older. 

One way of reducing the total jwessiire on the valve \n shown^in 
,Fig. 15. A ix'ctangular groo\o G w formed m the back of the valve 
and metal strips R are fitted to the groove. Sjirmgs at the bottom of 
the groove pic.ss the strips upwards into contact with a face F prepared 
in the cylinder cover. The sinjis and the springs are shown removed 
from tho grooves in the valve in the perspective sketch, above the 
sectional elevation. In this way the area enclosed by the frame is 
cui off from the action of the high-pressure steam and the fnctioLal 
resikfjance of the valve is reduced m proportion. 'The^^e Richardson 
strips, as they are called, Imvo been ext<-^8ively employed in the United 
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States. Mr j^8pinall*-ina<lc sumo cxporirnelits with a Lancashire and 
Yorkfhirc locoftiotive in cuunuctiun with this subject, and found that the 
average laill on viilvi* spindle was reduced from about 194t) Ihs to 
854 lbs. liy the aihlituui of thosi* .sirips to the \nlve Kig 15 is iri fact 
abcction of the vahe with which the expeiimeifts w(‘re iimde. 



Fig. 15. lUi.webi) V\i,VK L\sv\viniu: avo Yukksiuue Hah,way. 

Quoting two <'X|)(‘nun‘nls, wfth a phosphor-bronze ^.llvo of the usual 
ty|)e, the forc<‘ ri-«pnie<! at tho Mpindlo to [oish the v.dve was 1072 lbs. 
when the pressnix' in the .steam eliest w.is 140 lbs per sfpiare inch. 
This pressure, allowing for the lifting action of the ste.gn in the pahi^aJfes, 
pHsUiced a nett load on thy valve of lOltorj lbs The conesjHmding 
coefficient of frictuui was thcieforo 0098, With the Hicliatxlson valve 
shov^ii in Fig '15, when the .steam chc.st pressure was the .same as aliove, 
namely. 140 lbs per square inch, the Hital nett prc‘s.sine on the valve was 
reduced to 8G‘i3 ibs., and the pull on the valve spindle vva.s ivduced to 
7(>0’6 lbs. corresptmdmg to a coefficient of friction 0088. The coefficient 
of tVj<^tion IS reckoned by ibvidiiig the force requirtsl to move the valve 
by the nett pressure acting on the back of the valve Mr Aspmall’s 

• J A. F. Afcpinall, “ On tho Friction of JUidc V«lvo8,'' 2’fK In»t, Cml 
Vol 1!W. 
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experiinonts show that tho jivt-mpo cm'rticjcnt t>f for valvrK 

working on a vortK*al fhoo j', alHnii 00(>K. wliilM, fur %n uiilialKiK'ud 
valve on a horizoiiiii! la(“o it is alxnit 0(W8 Fur tli^ jiurtlally Ixihuuxs] 
valve the coefficient funml wasslighily lugluT, hujng 001J2. A coniidute 
acc«nmt of (hesu «'\|M‘niiK-nt,s, with drtuils ut tliu dyiiaiu'iiiioter iiM'd 
to measure the lunu a1 the \jilvf .spimlli', will Iwfuiifid in fhu jiaper 
qtiutcKi and in <ui e.iiliur jiajH-r la Vul. !>'» of the Vfoci'eihmjs of th 
Imtitutioh of i'tvil A’/fvi/iws' in the dist hv'hIoh ui lln* sreurnl papiT 
Mr F. W. \y(‘hli stattsl that iiisirad cif loin M Mnits h«‘ luwi used 
tt rucUngidar li.tnn iuiIIkI m piece, j^i'kid ]<>nnd with aHlK'sfo'v 
con!, With guiMi uMiiu 



PLAN OF VALVt 

Fig. 16. l>vl.\smi Vvi.VK XuItJJIIItV ItMlWn' UK Kh^ncb. 


^'ig 10 shows the slide v.ilve ,iiid till way It is l>alane4‘d m the early 
Do (ilolia r<mij)uini<l Kxjaess lucunjuti\< s of th<- Xuitheiii Kadwnyuf* 
Franco. Thi* rehet tiaiiie is m the hum ut a jing U, hunsi out to fit the 
circular |>rojuctiuii P turned on the hack of the slidt* \alvi'? 

A relief frame as ajiplied to a large maniw engine vaKe ih kHuvui 
in Fig 17. Ketiirning to (he triple \.d\e shown in Fig 14, ite 

actual size w 5' 0" i!i#the direetion ot its stroke and 5' 8J" wide. The 
urea Ilf thus 4521 wpiare inehes. A coiisulenible fnictiuii of this is^cJt 
off from the notion of the sU-ain piessiire hy th< diethisl indicated in 
the 6gure, but hhowj^ on a huger scale in Fig. 17, which is a sc'ctioii 
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through the cylinder cover and 
balancing ring. A circular plate 
D IS pressed into contact with 
tt((» back of the valve by aiirings, 
two of which aro shown at H and 
a. This plate is free to move in 
a direction perjiondtcular to the 
piWt face, being guided by the 
htei'l ring HR, secured to the 
cjlincliw cover by T4, jj" studs. 
Steam is pievented from getting 
beliiiid the plate by iiiealis of a 
lle\lble copjier ring ('(' in the 
foMii of ,i .'.ingle deep corrugation. 
Tliiscopper con ngatiouis fastened 
In one limb to the plate by 48, 
^ ' si lids, and by the other limb 
to the cUmdei cover by 52 studs. 
The coppir coringation fomis a 
llevible connection between the 
cvbnder cover and the circular 
pi,lie lesling on the l«ick of the 
valve, tile plate is therefoie free 
to movi' into close contact with 
the Mil I,ice of the valve under 
(he act ion ol the springs. In this 
way an .Ilea of I olWsipiare inches 
1 .S relieved lioni steam pleasure. 

There aiv other ways of pre¬ 
venting stearii from getting be¬ 
hind the balance plate The 
methivl indicated has bis'n used 
Micee.ssliilly lor ni.my years *by 
Messrs Himiplirys and Tennant, 

In fitting these li.imes care 
mual be taken that the valve is 
not relieved tis) much, since the 
pressiim on the inner side of the 
valve due ^ tho steam in the 
pivssiges tends to lift the valve 
off its seat A costain quantity 
of steam is ^siire to find its way 

rig. 17. %LVB Cbbst Covin Asn 
Baiasciko Plati vok Tufu 
POBTSD Sun* VAtV*. 
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behind the plate aa the valve moves to and fro undei it, and to 
prevent the gradual accumulation of pn“>'iim‘ from this cAiso the inside 
of the relief finme is placed in couiiuuiiieatiou with the •exhaust 
passage or with the condenser. 

t 

25, Plfton valve. Theoretically the slide valve can be relievwl 
of all pressure on the buck by ch.inging it to the cylindriciJ form, 
obtaining what is known ns a piston valve. Two easeiitiul properties of 
the flat slide valve are lost by this change The valve is no longer 
k ;pt up to its scat by the steam preasiiri', and the valve e.m no longer 
lift off its sent ag.iinst the steaiii pn'ssiire to allow lrap|S'd water to 
escape. When a piston valve i.s iisial Iheiefore it is .ilisoliitely necessary 
to provide relict valves on the eyhiider to allow vvaliT to es' ape. 



If a thin section of the slide valve shown in Fig 10 be Mijiiswed to 
revolve about the axis ot the valve sjiindle it vvill liescribe a corre- 
spv^ding justoii valve in sjkus’ I he [sirts oi the steam jtassages, Isith 
for supply and exhaust, must now encircle the valva as shown in Fig. 10, 
and provision must be made lor plwiiig the ends ot the slisiiji chest or 
valve chamber in commuiiieation with one another Thu^is generally 
effected either by casting a jiassige for the ]iiir]io.se with the valve 
chest or with the cylinder, or by casting a iiassage through the valve 
itsvif. 

This change in foW of the valve does not involve any change jfi 
the distributijn of steam it can eflisit. The defiiiitions of the stoam 
and of the exhaust laps and of the critical jsisitions are prcctsely the 
same in a Diston valvt as in a valve of the ordinary ty [sv 
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The iisu^ mmle of coystnirtion ndopted with piston valves is shown 
in Fig. 14. Hloam c*hf"<t ih bored out to receive twtj liners, L and 
Lu in which th<* pirtn arc machined bo Clie correct size. The corre¬ 
sponding ports in the cvliiidrr uro ca'«Jt slightly wider than those in 
the hnor, so that when the liner is forced ilito its place the [Kirts 
in it have a iair ojMhiing into the ?,tc,nu pa-ssages. In somo cases the 
liner IS made in (uk* j)ie4'(' and all the florts are cut m it. The^piston 
valve V is indicated in general elevation and it will bo seen that its 
weiglfb IS earned by a balancing ])i.‘>t<'U. 

A section of the jn^toii \.il\e for the high prc.ssurc cylinder of the 
engine of which Fig 14 is u pail is shown m Fig 10. This valve 



Fig. 19. Piston Valvb Marine Enoine. 


is Vi* in diameter The cylindncal body of the valve carries 
a b».ss mside it supported by thive webs, the boss being*eonnectcd to 
the valve spiiulle, which below is coptnuu'd to vaU’c gear, and 
^bo\e to a balance pisbm. The ends of the valvu are increasud in 
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diamefcdr and art* fonned into circinnfercntial ^jrtxjvcs carr^in^ |»M'king 
rings. One side of a groove is forimd by th* additioiiiof a 
ringf to the end of the valve The n-inouil ul th^n nng enables the 
packing rings to be put in j»laee, after uluch it is ie]»laee<i and held 
secundy in jx»sition l>}»a iing of studs Thi* jiaeking lings are split 
and a tongue piece is instiled iis indieat(sl. thus leaNing the ring 
free to exjvind against iht* Imer Tin* etlges <pf the ]>,uking iings fonii 
the re.spi'ctive steam and exh.uist etiges el ilie \al\e The \ahe sluiun 
works wilh.tmtsicle steam admission 

Sometimes an uncut lloating niig is u^ed ii»r jiacking the val\e 
The ring is luini'd a few thousimlths of an inch suiallej (h.iii the jmei 
m which it works anil is ftee to m<>\<' a small am>>unl in a iinhal 
directi<»n relati\» 1) to the \al\e so that il can accppiiuiUKlal'* its ]N)siti<in 
to the small dlstoltlells of tlie linel line t<* (h.Ulges ot temjU'nitUle 
Mlfhout ilanger of sticking 

A Ho.ttmg ling imu i ilher be put o\. i the ••nil o| the \al\e, being 
h(*ld 111 its j>lacr by a w.isln r oi junk inig. oi jt ean be spuing mer llf 
en<l of till* \al\i' into a gioo\i‘ tiirm tl to re< ei\« il in the \\a\ dis()»v<-hs| 
b) Mr YiirioH*. A jli>aliiig ring passes a, small aimainT oi steam, imt 
tin* gam in olhei iliie«tions m tie' opmi-ai (*| souk <‘iigm'‘ers more 
than (‘(anpaisates ha this The ail\anlag«' of this hiim ot jHieking is 
th.il theie IS p!a<‘tnall\ no tiictnaial lesisi nice to sliding, heeaiisf llie 
uncut jiaeking ring is iKtiially smalha in <liamet< i than the liner in 
which n slides Sonn makei-s disp. ns.- wnli r\en a floating nng and 
iis<'a stilul \alvc In this e,i.se the disign must b«-can fully <v*nsideri*d 
with regard to th** chang*' *>t foim likidv l'> be causi*! b\ the cliang** of 
temperaluie t** wliicli lb** valvt* and set! will Is su)t)i'cl*'«i 

26 Vauclain valve. Kig shttws th* (\pt' (*f jusion valw 
which was ns«jd with the Van<*!am Comp-'Uiui L*K’omoli\e, built bj the 
Baldwin (.oinpiny itf Philadelphia 'J'lns *ai«‘ \aive erteels the ilistnbu- 
tic^ of stoiun t*> two c\Iin*leiN Th* le aie therehtre lour cycles t^i be 
arranged for, namely, the in* and oiilstr<*ke cvel* s for tin* high presHiirt^ 
cylinder, and the in* ami t)Ulstrok** c)cle« for the low pressure cylinder. 
The cycles invobe Hi events per n-volution The nmrst* of the steam 
for the iwsition of the valve .shown i« indicated by airows, St<*aiii entcru 
the high pressure cylinder for llie outstroko cycle at A Himultane4m8ly 
with the exit of sU-ain from the instrok** cxcle at B. The steam 
leaving at B finds its way into the centre of the valve, whichi il 
dcsiglied to have Buftieient capicity to act momentarily oa a i^bfeiver 

* Sc^ The Enginitr, Jm. SOtfa, 1903, pftgs 192. 
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when roqiiijed to do so. In' the figure, however, the way is shown 

* • 





Fig. 90. PisTov Vaht. V\rrr.\TV CoMPnuKn LoroMOTivp, 


open into tho low pt<’ssiin‘ (nlindcr at (' ami tlu' stoam is entering 
for the ]M'rfornian<N‘ of flv ont-atroko Steam from the instrokc 

low prcHsiirc c\cl<‘ is leaving the cylinder at D, passing round the 
valve into the (‘xhaiist eavity E, wlmdi is in diiect I'oinmunieation with 
the blast pipe If tin* valve is drawn separately on a jiieec of cunl the 
ilistributioii of the ste.aiu (‘an he followed through a n“v«)Iution, and the 
two steam and exhaust laps measured without difbenlty. 

27. Segmental valve. A valve which comhines the essenSal 
pro|>ertie8 of the .slide valvi* with jiart of the advantage of the piston 
valve has been invented by Mr W M. Smith* and is used by the North- 
EastiTn Railway Comjianv and in the new eomjxmnd engines introduced 
by Mr S. \V. Johnson (in the Midland Railway. The main object in the 
design is to obtain u valve which, whilst retaining the advantages of the 
cylindrical form, will allow trapped water to esoap*. For this purpose 
thAe lue two rings of jiaeking at each end, one narrow in width and 
the ^flier relatively much wider. The wider ring is cift into three 

* Soe Mr Smith's paper ia the Proettilti^t of Itut. of MeAiamcal ^ngineen, July, 

im. . * • 
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segmenta *?„ iS’, (Fig 21). Tho h(wi of tho \ulvo foniiiHl by 
clamping a-washer IF against (he main lK>ifv of the Hilve /#. *TIu‘ 
waaher carries three horns //,, U^, II 3 arningetl so tli^f they form nulml 
guides for the BCgments T>so segments N,, im* sh<iv.n dmwn o(V 
th«w horns. Sj i.s jii ids ]>r«»fM‘r iM»sition Steam gets to the msido of 
the segments through holes in th<* waslicr and pitSses them on to the 
liner, and the segments me aKo jj-et' to mo\c* niuanlsn slight distariee 
radially under the nc'tmn of a sudden iise of pressnie in the jxirts due 
to the presence of tia])p<-tl water The .•.paces hriw'ei n the ends of tin* 
segments an* brought o\er luidges in the steam ]Knts of the liner, two 
of which are shown at K^K^m\ A',. About oio-ihiid ol the .secljon of 
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the liner L is sliown 111 tin* fignie, onoiigli to jii<lii<li- the two bridges 
A",, A\ and lln* part oi the .siram poii belwecu ihoiu. The narrower 
ring E is a jiiston niig somewhat ol the oiuinarv «’iit in one place 
and expinding by its own elasticity ou to tin* \al\e seat. Its object is 
to prevent the paswig<* of steam thiougli the spaces between the ends 
of the segments dii(‘ct into the exluust cavity. The scgimmta and • 
the ring A’orc all provided with projecting hp.,, />,. p„ in order to 
limit the radial movement outwards and to jirevent, as faf as iiossible, 
broken pieces of the rings getting into tin- poits m case of fracture. 
These six 8<‘gmenU realiv constitute a set of small hIkIo valva-e arranged 
so that the area actoi^u{>r>n by the hUmui is a miminiim 

In some comj»arati\c experiments* made on tlie Korth'Eastefti 
Railway the wear of these segments was found to be alwut 3/^iof 
an inch for 100,000 engine miles, and the wear of slide valves of the 
* Ibid, loe, at. 


X 
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usual which were (nod in coiajiansoii with them under such 

iden<5nil con4itions an if is poflsihlc to on n miKvay, was 25/32 of 
an inch per 100,^00 ciij^ino niilca. At the Euguieoring Conference, 
May, I8f)7, Mr S. W Johnson statod that the bcgmontal valves he 
iisffl with the Mulland (‘tigines rorpnied oni‘-s|xth of the power neces- 
Hary to woik the onliuat} slide \ahr, uhilst the loss h) wear Wfis also • 
about one-Hixth. * 

28 ' Rocking valve. The <‘s^»‘ntial {(.‘atnres of this typo of valve 
are the sane* as thosr ol a slah* valve. The \aK4' 4)scillaleH to and fro 
about sonic eeiilml ]»<tsiiiiiii, but the inolien h an angular oscillation 
about the axis 4it tlu* \al\e spnulle msU-arl i»t .i linear motn»n m the 
direction ot the \al\e spindle. 

Fig 22 shows a rocking valve arranged lo iieilnini all the functions 
of aslnh' valve The eential jioilmn *)t tin* valve i-^ shown separately 
above the seelii»n, and the valve .spin<lie again. stpai.iU-lv above tin* 
valve. It will be ob''ej\(‘d th.ii a sijiiaieil [»ail of the spindh* I’ligages 
the valve along a slob loinicil in the b.iek Hv this .iii.ingeHM-nt tlni 
valve IS fn-e to find its s.-.it undei tlie aclmn <»l tlie .stram pu'-sun*, and 
free to Utl <*tV Its seat Lo allow ti.nipe<l uat*'i to <'v‘apr. 



It is unusual to effect the distrdmtion of steam by one v«l\e of this 
k;‘pc. The usual pra<*tici‘ is to provnie four s('parate valves, two at 
emih end of the cylinder, the valve spindles being parallel to one 
anbthiT and at nglit angles to the vertical plane cuiitaming the 
cylinder centre line. 
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The general arrangement of four ''(^orlisj valves" of*his is 
shown in Fig. 23. The valves iSf and K are respective!)' the siiaiin and 
exhaust valves for the oufelmko cycle: iS, and thi^V f<*r iho 

instrtke cycle. The valve chainlxTs in which 6’ and <S, wt.rk am 
connected by the jiiLssago P, this j>aAs-igo being in 

coniinunicati<»n with the iniun sU-ani pipe through the 8<i>p \n)vo. Tho 
aflvantage of this arrangement is that tho steam jusnngon fmm tho 
valve chambcTs intdi the cvliiider aro slnut, ns will he M-eti in the figure, 
and therefore tho cleanineo bpaees an* rodiued to a nmmniim. 

A cross-sect ion (hmiigh tho valve chamlx rs for ihe out.stri>kt' evclo 
across liii M shown in Fig ‘i4 ('(♦iiMdermg tho atrangomeul of tho 
steam valve S more |Kirticu).«ly, it will lie ol>s<'r\ed in Fig. 24 that the 
ends of the valve spimlh' aie well HUp[iwrlfd by tho covers of tho valve 
chamlnT, one end of tie- hpnullo being bnmglit tluoiigh a gland, so that 
by suitahlo coim(‘ctioij with the valve gour ne-t lianiMii it ina} receive un 
angular oscillation. 

The valve itself engagea with llie valve sjundlo by means of slots 
cut across tho ends, as shown in the Hepirate di.twiiig of the steam 
valve, Fig. 25. The sjundle. Fig. 2<>. is wjuaieil at A. and cam(*H a 
rectangular cross-iaere or hilt at li The internal diameter of tho valve 
is largo enough td> allow tin* spindh* to la' pushed througli it up to tho 
hilt, and when it i.s m its pmper place tho sjuared part A resU in tho 
slot at one end of the valve, wInKt the hill n mIs in the slot at the other 
Tho valve is ribbed at mt^ivals P, R, R, and tlK'.-^’ rilw fiiul coire* 
spomhng rilw to sujiport thorn in the valve chanilxT at r, r, r*. 

By the arrangement shown, tho angular uujtion wliieh tho valvo 
spindle receives from the valve gear in communicated to the valve, whilst 
tho valve is left fieo to lind ita beat on tlio curved jx*rt Hurfiiee under tho 
action of the steam pn-sMiro or to lift <»li in older to allow trapped 
water to eseajic. 

The angular displaceiiM nt, /9, which must be given to the valve 
spiirile to move the edge of the valve through a given distance L is 
easily calculated. Thus, if u is the nwlius of tlio jH»rt surface, the angle 
in radians through which the lever on the valve spindle must be turned 
in order to move the cflge of the valve a ilistauco L is given by 



The steam valves of engines fitted with valvM of this type are commonly 
'•forked by in%ins o( a trip gear which is under the control of (he 
governor. The angular oscillation they receive is of tho quick return 

* I am indebted to Ueurii Hick HergresTU and Co. foe the dravtoge on petfe H 
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typo. That is to say, the valve is oponei^ by the mption oj, the 
valve gear link work, and at some point in the stroke, ^eleriuin^ by 
the governor, the valve ia suddenly diHCoiincK'Uni fr^ the valvo gear, 
and a powerful spring which is coniu^cted to the lever at A',, chw's 
the valvo quickly, the rate of chwing being controlled by a dosshiwt. 

Tho gear opemting the exhaust xalves is uiiprovidHl uith trip gt^ar. 
and tha angular motion in direction is an exa<'t ro^H'tKiun of thi* 
motion in the other din'ction. 

29 The inertia of a valve. The rt‘si''(aii(’e to Iks overcome at 
the valve spindle, to move th<' valve against the Ineimn produised by 
the steam pn*Rsuro noting <m it, has been discut»sed in Art. 24 In 
high speed engines the ivnisianiv (o motion diiu to thu inertia of the 
v'alvc must Ik* addiKl to this m onlor to get a oorn*ei i<lea of the force 
to be ov(‘rcome. If W is the weight of u ivlule valve, a the acceleration 
at any instant, this Iba'o is given hy 


Tho acceleration of tlie valve's motion enn eaaily lx* calculated in 
the case of the simple eccentric gear, and it is n<*t dilficult to estimate 
It approximaWly in any ordinary case, (bmeral mctlnNls of Hiidmg the 
acceleration are discussed in Chapter tx. 

To give some indicalioii of th<‘ magnitude of the force, supfsiso an 
ordinaty slide valve, weighing 20() {sninds and having a stroke of 
6 inches, to make 800 stnikos minute, ami that lh(« motion is of 
tho simple harmonic kind, that is to say, the motion duo to a crank and 
a relatively long connecting ru<l 

The acceleration at eiu;h end of the stniko is 
m 4w*n*r, 

* wb5^ n 18 the number of revolutions of the crank per second, r is tho 
radius of the crank in h'ot. In the cose suppose<l,‘tliiH is numerically 
equal to 437'6. 

Tlie frirco exerted by tho valve spindle to start the valve at the end 
of qach stroke is therefore 

437-6 « 2720 Iba npp. 

At the centred the stroke this force becomes 0 and changes sign. 
In^ caa^of a rocking valvo, the couple, acting on the lever of the 

S-3 
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valve 8pmd^, which w n^quirnl to produce an angular acceleration of A 
radmnu per 6t%. jh-t k‘c., ie given by 


whi'K* / IS the tn<)m<'nt of im-itia of thi* valvo and the fpindle, about 
the axis of owillatiou. If Q im the distaiice bi-tweeti the centre of the 
valve H}>m(lle and the centre K, at which the force is applied, the force 
corresponding to this couple, actnig at right angles to the level, is given 
by the qiiotieut 



(’IIAITKli III. 

TilK f'ltANK AM) CONNKcriNli 1(00 

30 The crank and connecting rod. Oeneral deioription. 

Tho geiKial form ol tile iiii-chanisiii I'l U)** ^^oll known to need any 
H|K‘rial <iis(m»tnin A (li.iuing of i( m ‘■lonsu innidentiillv in Fig 77 
In Fig. 27 OK is tin* crank and A7I is (lie i-onnocting rod The <'mi (d' 
iho r<»nnerliiig n»d js convtraino«i to mo\o in a str.iiglit liim 1))’ the 
“lide UiiN, the connedion hitwron llie sliding liloeks and the end oj 
the tikI b«‘ing niridi* li\ llie (tossIk .id. Tie* piston loil jm fixed to th<* 
eroAshcad. .«o that the molnai ot the |iHi<in. (he piston rxi, and the 
eroH-shead i** the name ileiieo tin- nmtion of the pjstcui may be repre- 
hentod by tin; nmtion of an\ one ol the points m tin* recipna’ating iiiasK 
It i.H usually conxenient to tike the lanire of the ciob-shead pm lor 
thiB puiposi*. 

The htroko of the piston, that jh, tho ihstanee bi*twi-en the dead 
jxnnts, ifl constant and espial to twice the eiank ru<hiJ8. 

In what fbllow.s, tho rnechainsm is restricted to the arrangetnont 
where the line of stroke, pnxiiieod, paahes through the ^■ent^e of thi- 
crank shall. 

Jl. Determination of the pieton poiitlon correiponding to 
any giren value of the crank angle. The |Mj.‘-itinn of the piHtun • 
m relation to its do.ul p<ants is deU'i’minisl by the following sinijde 
geometncai construction 

Set out the eentn? line of the cylindor, Fig. 27: draw the crank 
in any position as OK, and from the crank pm ax» as centre, and 
With a radius equal to tho length of the conm*ctiDgrod,drawan aje 
cutting the line of stroke at B. The piant thus determined ^es 
the positiSn of the centre of the small end of the rod. Arcs drawn 
with the mme Radius from the centres 0 and 6 fix the dead points of 
the small end of the rod. Every point m the reciprocating mass 
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Jiiw th* Miine m the cpntre of the small end of the connect- 

riig rod. ‘The jwiiit B in the line of stroke may therefore be taken 
to h'presont the eentre of the piston,"and the |«)ints 0 and 6 the 
dead points of the piston. 
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Rej>eat this constmclioii An- pi)sitn*«s, 12 \i}\ of 

the crank, obtaining thert*by tlu* < onvsj)*)!i<hii^^ jM»Mtion!^ot tho jiwtori 
in the hue of stroke. Then the (h^Uunre of t!»e pHton, corres^KUHimg to 
anyone of the 12efjui<hstmit viiluet) ot the cnuik angle, may !>*■ iiKNisiued 
from either of its deml |Hnnts. 

32. Pifton displacement curre. It im an eas\ matier u> (AtemI 

tho resylta uf these tv\el\e eimsnucti<ms so that, iho jnstoij position may 
be fixed for any gi\eu \alue of tin- eiank angio 0 Ti» do this, draw a 
verfirjil line ?7’ lluough tin* jKnnt ai, hisei ting ihr ilisliun-o iK-tween 
the dead ]M>ints 0. (>, Tig 27 Take an\ eoiivciumt Iniglh on TT, na 
0—12, and dualo this longlh into th*' sune nninher o| (>({uul [mliIn as 
the OtinidiMaDt }sisilions of the eiank divide the eiieumfeH'iiee of the 
crank curie Thioiigh eaeh division diavv a line al right angles to Tl\ 
The dist4inee In-tvsei-n eaeh olio ot tliesi.* hon/oiual lines rorresjxmds 
to a ceitam «'haiigo in the ei.mk angle. This change is .St) degrees 
III Kig 27. Tin- pail 0 - 12 of TJ, may be lot.kod upon as the eireinn- 
fereiico of the eiank cirelc il. v.loprd into u stiaight lim*. and wt 
out to s«iiin‘ciinvoiuont scale Iiistoatl ot iiunihoiing the points when* 
thc' Inni/oiimls cut 77', 0 12. tliey niav he niiinherisl in gue the 

angular p<»siiioii ot tin eiank in dighe^. This alternative niimlx'riiig 
iH shown in Fig 27 hv the tigm*s to the left «»( TT. \ow jirojed the 
12 points giving the posiii.ais ot tie pi-ton ni the line of .stioke on to 
the correspiindniglv inmihiied lines helow, and vliavs a smooth curve 
through them us sh<»v\h hy the thuk lull line This curve is ealled 
the piston displacement curve. lU means of it the pmtun diD- 
placcinent can Is* hanid at onco (ur anv given value ot the crank 
angle 0 h\ nieielv finding 0 on 77', ainl ineasiiiing thc fi*»n/in»lui dih- 
tsvnee fhuu TT to the cuive 

If the stroke Iw divided inUv ten eipial ]>aits. an<l eonvMptuiding 
lines be drawn ]iaiai!el to TT dividing ih< diagiam vetueally into ten 
e<|ual iMvrts, the pistcui jMisitiou van 1m rea<l off, as a peicvntage of the 
atAko nrkoned from either dead jKuni. In the duigrain, Fig. 27, the 
upper scale correH|H)nds to the initroke, aii<l the lower to the 0Ut«^ 
stroke. 

33. Szampla. Find the putnn displacementwhcn ^-iodegrccs, 

(1) from Its central ixfsitmn, 

(2) ^n>m the right dead point, 

(3) from the left dead jxiint. ^ * 

Finding 45 degrcea on TT and mcaaurjng the honz/mtal disl&ncc 

to^tbe curve, the unswera arc:— 
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(1) ir, = 0 8 X the crank radius. 

• (2) ten per cent., 

(3)« ninety percent. 

Notice that each of the three answera is rjumerically the same if 
the angle $ is (3(i0 -r = 315 degrees. 

The difference in the two cases is that, when $ ^ 45 ilcgreoa and is 
increasing m valtie, is ilocreaaing in value, but when d = 315 d(‘gi*ees, 
and is incim'^ing in value, is increasing in value. 

Again, let ^ = 00 degrees, then a:j=s 0 172 x crank radius. Or in 
percentages, the pisti'n is 41 per cent, of its stroke from the right dead 
point or 69 per cent, from the left dead jiomt. These values are pre¬ 
cisely the same for the angle 270 degrees. 

In general, however, the ilisplacemiuits corrf*s]>onding to two cmnk 
positions 180 degrees apart, are unequal exce[jt for the values 90 and 
270 degrees, and of course 0 and 180 degn'cs 

34 Alternative construction. The disphvement diagram may 
be drawn in a «>lightly different and sometimes nmio convenient way 
as follows:— 

Take any crank angle S, Fig. 27, and find the corresponding 
position, B, of the centre of the small end of th(‘ connecting rod as 
before, for number 4 eiank po«<ition, say. losing this pmnt in the 
stntke JUS centre, draw an arc thiongh the onink jnn centre iC, cutting 
th(! lino (*f htiok(» pi educed in q. Then it is clear that the distance 
Oq is e<jnnl to niB, the actual displacement of the piston fiom its 
central position. Points similar to g are to bo found for the twelve 
cMpiidistant positions of the crank. The part «»f the lino of stnike 
cut off by the crank ciicle' will then be divi3e<l by the several 
points q in the same way that the stroke is actually divided by the 
corrcsjK>nding positions of the piston. To draw the displacement 
cur\o, take TT at right angles to the line of stroke so thatj it 
passes through 0, the centre of the crank shaft, tlien project each 
point g on to the coiTcsponding horizontal line below, as before, and 
sketch in the curve. 

35. XJie of a template to find q. If the displacement curve is 
to be drawn full size, or oven to a large scale, the fixing of the several 
pirtoQ positions in the line of stroke, and the (Irawing of the corre¬ 
sponding arcs through the crank pin centres, will usually require a 
trammel some feet m length. The arc Kg, Fig. 27, may however bo 
drawn without finding the corresponding cculro poin^ B in the stroke, 
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and without using a trammol at all. This is dono by «ioans oi a 
template so fashioned that tho edge AHH, Fig. 28, is Arvod b> the 
radius of the connecting nsl, and tho other edge C(^ is stmight ami 
truly at right angles to a radius of tho cnr\o QJ{, which mtinis is to Ik* 
inarke<l on the bunplntei To draw tho an* 4y, plm'O th«‘ tomplaU* iw 
^shown in Fig. 28, so that the radius QR lies in tho line of .Mroko, and 
the curved lalge piusses thunigh tho point 4 on (ho crank cnvle. Tho 



placing of thi' t<‘niplato in this p<i>'iti(in is lum'h facilitated if the 
straight edge is worked ijff a 'J’ sqnai., ns shown in tho figure 
Care must be taken that tho tup odgo ot the diauing board is truly at 
righfeangles to the usual working edgo. 

In this way the jiositioiis of the jn^fon nuw l>c found relatively to 
the dead points f'>r stated crjiiik angles without drawing an)tliing but 
the crank circle. Tho diRplaeeinent curve mav then be constructed in 
the way already explained. 

36. On the effect of changing the proportion between the 
length of the connecting rod and the crank radius. * 

The form o4 the displacement curve de])eiidfl upon the ratio of 
■ length of the connecting rod to the length of the cmnk only. As the 
length the M increases relatively to the crank, the displacement 
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curve, Fig., 27, coiitinually approjiches the funn of the (lotted curve 
Bhowii on th$ diagraiiL in the hinit where the rod becumes intiniteiy 
long, the dotted <;^irve becomes the displacement cur\e. In this limit 
the displacement Op of the piston is given in terms ol the crank radius, 
r, and crank angle B by « 

0/) « r cos 0, ' 

a minus value of Op, showing that the piston is to the left of its central 
jwsition. The piston displacement curve in the limit may be inuistructed 
by plotting this expression. 

The curve in Fig. 27 is drawn for a connecting rml three tiiiies the 
length of the crank. The distance 7 / 1 , in Fig 27, shows the difference in 
piston position conespondifig to an infinitely long connecting lod, an<l 
iino three times tin* length of the crank, when the ciaiik angle is 0. The 
difference for any ciaiik angh; is the hori/.(mtal intercept between the 
dotted and full disjjl.vcement curves. 'Dus ililference (ieerea.ses rapidly 
as the ratio of the length of the conneciing rod to the length of the 
crank increases. 

37. Piston (iisplacement curve on big end base. R<ff<‘rring 
to Fig. 27. it will he wen that if an <u(‘ hi* di.iun through thcciank 
shaft centiv () with radius eijual to the length of the connecting ukI, the 
horizontal diht.mce het\s<‘c?i it and the aic diavsn ihi'migli the ci.ink 
position l\ nmII he constant, since liolh ciiues aie dmwii \Mth the same 
rudiufl fiom cenlies a hon/ontftl distance a]iail eijual to 0(j. It follows 
that the horizontal distance rK is eijual to Oq. and lienee rK represents 
the diMplaceinent of the jHston iH'in its coiitial jiosition. Thi.s con¬ 
struction IS true for any ]nwitioii of the crank pm, and the following 
simple method therefore may be used to find the piston disjilacement. 

With a radius cijual to the length of the comiectmg rod, and tiDin 
tho central |K»sition of the erosshead an ci*htte, flinw an arc of acirch* 
thnaigh the centre of tho crank pin circle. The horizontal distance 
between the crank pin and this arc is then eiju.il to tho di.splaccment of 
the piston fh)in the centre of its stnike. The cnfiik pin circle thus 
becomes the piston displacement cun'o with ri'ference to this curved 
base. Thiacontml arc is conveniently n'fenvd to as the big end bate, 
because it is the path the big end would move in, if the horizontai 
motion of the erosshead were suppressed. 

This method of finding the piston displacement is sometimes veiy 
\lsefal 

* x 

< 38. Tbe polar diagram. The diapincoinent x ofthc piston from 
its contml }io8ition may be set out along the corresmnding positimi 
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of the crank radius, as shown in Kijj 2 !t. A curve 10111111)? yp the ends 
of these nulial quantities forms a polar diipfacement feurve. ? 1 'lie 
complete curve is like a fijjiire H, sincs' twice during ^he reviilulsoii the 
piston' passes through its ceiitml jiosilion ■ wlierc j-^reni. In this 
^diagram the distance of the piston fioni its eeiilnd iiosition eoriTspuid- 
ing to a given value of 0 is the p.irt of tlm erank raihiis cut oft' Ix'tweeii 
the centre 0 and the ciine Thus wlu n 0 = (ill degiees, tlie piston is at 
a distance Or ^O'ltir fnun its eeiitnd position The disadiMiitiigi' of this 
form as a (iracticid diagniiii is that when the nank is in tlie region 
where x is nearly zeio, it is diftieiilt to lll'■.l.sl||e r ai'euialely las'iiiiso 
the erank itself is nlniost pimllel to (he eiiiie, and the points ot eiitling 
are theielore suniewliat llldeteiiiiiii.itu 
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Pig. 29. 

PiSTOK (.'ntVKH PoLAB FoKM 

As the rath) of the of llii* (Mtiiifiiiujif nxl to tho longth of 

the crank incroisos, the runt- continuulI\ npproaclics the 

form of two dotti'd cir«'lc.s toucliiii^ at 0, 'h'* t!iaMh‘t'*r of each circle 
being eiiual to the radius of tin- -limk Tii the limit uhcro the rod 
Ik'C^ines iutinitcly hiiig, tin* tuo ciM'los tlu'UiscKih iHfcomc thi* displuce- 
ment cur\'e Ihus the two circles in the |)olai diagiain, Fig. 29, represent * 
the bJune conditions m the <lott«‘<i oi co.suiu curve m Fig. 27. 
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39. Sefcription. This ^n^ar is thi* tyjm hkisI r<inuih)nly n^ied 
wh\‘n tho crank shaft is to turn m otn* <lircrtnm only, its 

essuntial icaturcs an* aliown in Figs. 30 and 81. Kou il to the crank 



Fig. 31. 

SlMl'I.B EcrKM’UK’ tiEAll 


shaft is the eccentric sh(‘ave E, which is merely in principle a flat disc 
with the hole lor the shaft l)ored occcntncally through it. The sheave 
is usually made in two halves, bolted together. Surrounding the sheave 
is the eccentric strap S, put on in two halves, and held laterally by the 
grooving together of it and the shea\e, as shown m the section, Fig. 31. 

is b<dted to the eccentric rod R, which is jointed to the valve 
spindle at E. The movement of tho vah e is the same as the movement 
of the point P. As the shaft turns, the j)omt P receive| a to and fro 
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motion which, with properly proportiomni parta, enables th% sluio val\i* 
to efifect a distribution of Bteain suit-nble f«>r driving tie engiiw. 

40 Eccentric gear equivalent to a crank*and connecting 

rod. The names and th(* form of tlie jwirts in the .simple eerentric geai 
»djHguis6 the fact that, so tar im the motion given l(» the iwiiit P w 
concerned, the g(‘ar is oquivaleiU to a crank and c«nn''' ting rod. Thw 
geometrical identity h n*adily ‘'‘•••n if the crank pin l>*'l')nging to an 
ordinary crank shaft is imagined to mcn-ase gunln.dly in diann*(er until 
it is large enough for tin* sliati to pass through it. It gious, in fivet, 
into an eccentric sheave, .so (hat the dist.ince Irom the centre of the 
crank shaft to the centre of the shouve, calhsl (he recentricity, is the 
crank radius currespaiilmg to the slie.iv**. ami the dislanee from the 
centre of the eceentiic .strap to the centre of (he pin I* is Iho length of 
the corresponding connecting nsl. The ii.iines of ilie <’orres|)onding 
parts in the two geara are conip.in d ni the iwo eoluinn.s below 

Cnak ^od ooQOc-ctiDg rod ^’oar Hroentiic Rvar 

CrAnk pin is tquiv.ilfsit t«> l-li ■.'(’iifric Hln*nv<* 

Crank nulms „ „ „ Kt wsitrnatv wicntrie ruihuu. 

f'ounecting phI „ „ K«sciihio pkI 

Big end „ „ „ Kci-entno strap 

Stroke of piston „ „ „ Tnivc! of valve 

Stroko»»2xcrank rulin'^ Travel-2xtsxvntnrity. 

In dealing with anv problem r<uiceining the imition imjiartcd tA> 
a slide valve by an ecci-ntiic gt.ir, it is theielme only ncceKsary to treat 
it as a crank and connecting nsl proldem m wbich the I'ccentricity of 
the sheave is us«s{ for the crank nuliu.s, and the length of (lie ecccntnc, 
from the centre of the pm U> centre of strap, is used for the length of 
the connecting nx! 

The crank and connecting pkI equivalent to the eceentric gear 
shown in Figs. 30 and 31 is indicated in hg 30 by thick lines, OK 
being the eccentricity and KP the length ot the ecc<-ntnc nxL 

a Displacement diagram of the valve centre. Assume for 
the time being that the crank in Fig 27 represenU the eco«‘ntncily of 
a sheave, the omnecting rod rpresenting the length of the eccentric 
rod The displacement curve fur the valve centre wotild then be 
identical with the piston dLsplacemeut curve in Fig. 27 and would be 
drawn in exactly the same way. The jieculiarity of the simple eccentric 
gear compared with q^nk and connucting rod mechanism is, however, 
that the ratio of the length of the eccentric iixi to the eccentricky Is 
usually so lar^ that the displact'inent curve of the valve is not sensibly 
diflerent from the displacement curve corres]>onding to an mfinitcly 
long efcentric*rod 
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Angular dUTerauce betwaen the mala crank and the 
ecoentrlo rWdlua. 

A. A'/ciim Idten un the oiitgiile of the mtn as explained in Art. 14 
In iiriliT tliiit tilt' iniitiiiii givnn to the slitlo valve by the oecentric gear 
may bo iiropiTly timed to dotermine the distribution of steam described*’’ 
m Art. .'i, the sheave must be [ilaeed ym the crank shaft so that the 
ccceiitiie radius stands at an atigle tfi with the mam crank. Thus,if the 
poeitijui of the mam crank is ajiecified by the angle 0 , as shown in 
Fig 32, the coireB]ioiiding position of the eccentric radius for jKisitive 
rotation IS givon by 

(0+d>) 

and the rorresjsiiidmg dispUeemeiit of the valvo from its central 
position, by at 

Fig. 33. 



Atotosk Diprearatoi nSTwens tub 'Maih CacsK and EeoBNTiiic CaAsa 
roil THU TWO niBBCrioNS or eoiaiion whbk Steak is takex o* the 
O tlTSlIlE or THE SUDE VaLVB. “ 

. It is important to notice that, with outside admissioit; the eccentrio 
angle is measured in advance of the, niain crank and is greater than 
90 degrees. If for instaneo the main crank>wer« revolving m the 
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clockwise direction, Fig. 3ii, the ongic ^ would ^ set nut as*<huwn, In 
this cuse the position of the ccconlric cmiik at any uistfmt woiihl be 
given by the angle • i 

•and the corros|)«)udin" (lis|ilrt«vnH‘nl <il’ Uu* \jil\o fnun its oi'nlrul |M«ition. 
by x. It should bt‘ noticofl in tins latl<T rjLS(‘ that tho aiiji,dc dorn'AHOH 
with th^^ timo. In thr fii'vt imm* tin* an^d** inonMvs >\ith tho tuno. In 
this way tho dith'imm? In'twis-n Ihc two din'dmus <>1 lurnin^^ i« miith»‘- 
uiaticttlly HtaU-d 

Why ihiH an^uUr ilith-iciii'f is tus'fssu) will Ik- muuIi* rlonr in thi‘ 
vaUo <lmgr.nn aixait t" be ex])laniisl. 

B »S>rt^ <</4rn on f/te insu/s of fh^ va!re as eqifaiuai in Art, 18. 

In this/usf' tho •■(•(■riitiio inusi bo jiland tai fh<* shaft liehind tho 
cmnk at an angle wlneh is alw.i\s loss tli.ui iff) d>'greo». Thu relative 

Fig. 34. 



Avoular DifFEBEKrR OR Lao bktwbbn thk Main ('rank and Eocrntrio 
Crank fob thk two directionm ok kotatiu.s wiikm BtkaI ib taksn on 
TBK 1N8IDS or Tilb SlIDB VaIsVK. 

positions for cl(»ckwiso and* eounicn’liKikwise ninning nro nhown is 
Figs. 34 and 35. It ^11 he seen that the angle at any instant betwe^ 
the eccentric jadius and the line nf reference in . 

i &*• A) for counterclockwise running, and that x is the valve displacement, 
doSewise running, and that x u the valve displacement, 
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X in each ^preasion bejng the angle by wluch the eccentric radius lags 
behind the tiain crank. 

The relation ^tween <f> and \ for a given distribution is a simple 
one. If, for instance, it is found that the angular difference to effect 
a stated distribution of steam is <f> degrees when the steam is taken on* 
the outside of the valve, the angle X tbj the corresponding inside 
distribution would be (ISO - <^) degrees. 

In eaah of the four Hgnro.s the displneement .r is tnund h} projecting 
OK the eceentrieity on to the line ot stroke ot tlie vaUe. 

This projection should strictly be nuule by an arc equal m radius 
to the eccentric rod in the way explained in Art 3t ('‘'innionly the 
eccentric nxl is so long lelalively to the eccentricity, that the error intro¬ 
duced by using a straight line instead of the arc is negligible, so that 
the valve displacement from its cential |M)bition may be calculated from 
IT - r cos ± <^) or ,f - i'ciw(^+ X). 

43. Angular adyance. Angular lag. Although the angle ^ is 
strictly the ai\gular advance of the <-cc«'nltic in tumt of the mam crank, 
the term is often used, in fact most gomually us<‘d, to denote the excess 
of <l> above 30 dogiecs. Thus 

^ r= (i)0' + S), 

the symbol 8 being used to denote the angular ailvanco in this 
sense. 

If a slide valve receives its motion from an eccontiie gear in which 
the eccentric sheave is keyi'd at 90 (hgrecs in front of the main crank, 
the line of stroke of the valve being assumed parallel with the lino of 
stroke of the juston, the cycle of events determined by the valve is one 
in which compressum and udmi'^sion take place at the same instant, 
that is, there is no compression stage, and cut off and release take place 
at the samo instant, that is, there is no expansion. The pairs of points 
4 and 1 in Fig. 2 are coiuchleiit, points 2 and 3 also cofheide, and the’ 
diagram takes the form of a ructangli*. 

In ordei; to obUiu a time inteival fur expansion to take place 
between cut off and release, outside lap must be given to the valve and 
the eccentric angle must be increased beyond the 90 degrees. A certain 
small increase m the angle is also necessary to jive lead to the valve. 
These increases allow of a time interval between compression and 
admission, which time interval may be increased or diminished by 
increasing or diminishing the inside lap 

In geneml where the line of stroke of the vaive it*parallekto the 
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line of stroke of the piston the anguinr Hifiereuco betweep thu umin 
crank and the eccentric sheavu is givuu by ^ 

^ = (!«) + «), 

B being what is often calh'd the singular advjinoo 
^ In what follows the hctual angle b<*tw«‘<*ii the miun cnink sind the 
eccentric sheave will be csillecl the anguhir Jidvanre and liitlo further 
mention will be lusule of B. It is infrislucs'd hon.' merely t-o explain 
that the terra angular sidismcs* nisiy in genend besir two meanings. 
The context of any work will however make it clear which meaning is 
being utUchoil to tho term. 

In the ra.Se where steam i'? sulmitt^Hl uii the inside of the valve t!i<’ 
angular diffen*nce. X, betwoen the rrsink and the eeceiitric nnliiis may 
bo called angular lag beesiuw the orrentne i'* alwsiys behind tho crank 
whichever W'si> rolatnui take.s placo 

44. To find the Bimultaneous dUplacementi of the ptaton 
and valve corresponding with a given crank angle and a given 
value of the angular advance. Let the nidiiis of tlu* mam crank 
bo one foot, and the ecYrntncity three indie'^ Steam is to be taken 
outside the valve m) thsit <j) is f.o he '^el out in Inuit of ilu- ei.ink. 

IVaw thf I Milk Clide, Fig W .mdilivideit into a nimilMT of e<pml 
parts Twelve only .ue usid in the figme to avoi<l complication. Duiw 
the pistisi di'^placenit nl curve h\ i illier ol th<‘ mellu><ls of Arts .‘12 t.t> 
35. The metluxl ot Ait 3-') is ns*d m (he figure, and the nsl is taken 
to be fi>iir times (he leiiglh of the • i.mk Tin n m t out ()u‘ ungylar 
ailvance, as shown. Draw tin* circle ri'jirevnting the jmth of the ec'ntre 
of tho ecconlnc she.ive with iiidms i-cpial to tho eccentricily.iinil sturting 
from figiih' 0 on tins circie, divide it into the same numUr itf e(pjal 
jwrts ;i« the eipudistant jiositmiisof the main mnk divide tlie crink pin 
circle, and number (he^e <'orrespon<hngly wnli the iinmhi rs on the crank 
pin cirele, bc*ing caretul to iinnilKT joiiml in tlie same din-ction as on 
thcgmnk pm circle. A pair of niimlMTs on these two circles will fix 
corresponding jiosition- oi tin* (‘rank pm and the centre (»f the eccentric 
Assuming the ratn» of the ecn utrieity to tlio length of tho eccentric 
rod to be small, perja-ndiculars dr^pjasj from tlm Hueces-sive jsisitions 
of the eccentric sheave centre to tho corrwjsunlingly numlsTed lines 
below, Fig 36, will determine |K)inta on the valve displacement cum* 
with sufficient accunujj’. (It the ccceritnc n»d is ^hort relatively to the 
rccentrieity, the cx.ict cvuistruction of Art. 35 shoiikl he used.) SketA 
in the curve Wirough these pf>mts and the v.ilvo di-j.locement cutve 
' is obtained lu its proper relative jiositioii with rcgiud to the piston 
displaq^incnt dbrvc. 


D. V. 
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Any trank angle hiding >uiMgn«l tlio fvirn’^ixtnding [ 1^^011 anti 
displacoinenty can at oiici! Ik; kumil fnmj thi‘ diagr.uii l)\ nu‘n‘l).(li.i\\ing 
a horizontal XX through thogui'n angle. Tlio Mimrftancous |>ositj4UiH o{ 
the piHton and valve are then nhoun by the jiart-s of this line inteix'ejitisl 
, between TT&thI the ri*sjM‘eli\e displ.icfiiienl eui\i s 

Ejxtmpte. What are the i<‘s|>eetive ]wiMlions of the jimteii am! the 
valve when the enink angle is tiO ilcgiees/ 

On the diagmin, Fig thJ t>0 ilrgre»*a eiirje'*p<>nil'. with the p(witjon 
niarktsi 2. Draw a hon/.ontal A'A' through 2. and it mil be sem that 
the piston is at 20 |)<'r cent, of its stroke, whilst, the \.dve disphuvment 
fnmi the wntral |S)sition is 2!b> nu'licn to lh«* h-ft. 

45. The valve diagram. Tlio objoet of th<‘ \.ihe diagi'ani is to 
«lwovor what is 1. iking pluee with o g.\id t«> tin- -t<-.UM distribution, or 
to exhibit rile nl-dions bt‘lw<i-n giMii d.il.i, ami iioiii tlu-ru to obtain 
Complete <lit.i so tli.it tbr go.ii .iiid the \,d\i- iiia\ bo dosigm it to etVeel 
a lllstubutloli .if sl.Miii ill eiildlllg to .1 sl.itod I \ i lo 

Itefeiinig to All 17 it will b*- si on lh.it diioitiv r, (ho displaeo- 
inent ot the Milio tiom its n iiti.d po'-iimn, is known, it isat oiu'i' possible 
(0 detennino wli.it is t.ikiug pl.i< e with X'g.itd to tlio slonm distiibulioii, 
assiuniug the ste.ini iiitd e\b mst l.ips to lie known. 

Thediagrain, Kig ltd. links the \,il\e |H)s)(inii with the jiiston position 
so th.it the piston position coiresponding vMtli a stated value of .r is 
.shown. Ill nee, if the displio oinont ,/ is toiind foi ihe ditlojout events of 
theslioke, the eortospouding |tis|ou jK.sKioii niav at once bo found by 
pnijieting lioii/onlally on to tlio piston eiino and then vertically on to 
the appropn.ite {H ieintago se.do Now. lor the ditlereiit events, x is 
equal either to tin- steain or exliinisi lap, so that it is only neei ssary di 
locab* these positi.iiiH to di lomiine the coinpl'-fe distribution of steam 
Cunsideritig the instroke, tins is riuiveuiontl) done by diawnig the 
vertical line LL to thi‘ left ami at a dist-ui'o fiom 77' equal to Ihe 
•ouWfile lap This line cuts the v.iKo displicouu nt curve .it the two 
jKiints c and n Those two points fix Iho positions at whieh the valve 
displacement is equal lo tho stiMin l.ip Point a coin spoiijlM to iidmiH- 
hion of sUain, since tin* dispLic.-im-nt ot tin- valve fioin its central 
|X)Ritton is incri'a-sing, ami jKiint c conespi.nds to cut off, siiue tiie valve 
disfilacement is decre.'isirig If A'A be iimvid down so that it jmwhch 
through c, it will cut ttie just on curve in a definii-' point and projecting 
thw point on to the uppci jHTCi'iilago si.dc, the ji'-sition. C, of*l1ic 
'[piston at cut off nmy be read off. Sinidaily J is the point on the 
percentage scajp C4»rix?aponding to a. 

FoAhe events of compression and ndoase, draw the vertical line A'A' 

4-2 
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to the right*ajd »t a distance equal to the exhaust lap from TT, cutting 
the valve displacement curve in the points r and k. At r the valve 
displacement is increasing, therefore it marks the release point; at k the 
valve displacement is decreasing, therefore it marks the eompression 
point. These two points are projected first'horizontally on to the 
piston curve as shown, and then vertically *o the points K and R, 

Again, since the oiaming for steam is given hy 
(C - steam lap, 

the cross hatched area shows by its horizontal width the actual opening 
of the steam port for any crank angle between admission and cut off. 

Similarly, since opening to exhaust is given by 
a - exhaust lap, 

the horizontal width of the dotted cross hab’hed area .shows the opening 
of the port for any crank angle during release anil compre.ssion. 

The lead, being the opening when the piston is on a dead point, is 
shown on the horizontal through 0 or 12 . 

The events of the outstroke cycle, beginning when 6 is ISO degree.s, 
are found in a similar way, the only dilference being that the line LL 
must be drawn to the right of TT, and the line KE to the left, the 
distances in each case being respcictively the steam and exhaust lap of 
the valve corresismdmg t» the IK0° cycle (that is the distribution from 
the front port), which distanceij may or may not be equal to tho cor¬ 
responding distances for tho 0 degree or inatroke cycle. 

This particular form of di.agratii was, I think, first taught by Profes.sor 
Reynolds. From the draughtsman's jKiiiit of view it will be found the 
most generally useful, although it is not by any means the simplest or 
quickest to draw for the simple cceentnc gear. It exhibits tho relations 
between the dilferent quantities, however, in a sifnpio way, and keeps 
clearly in view the actual movement of the parts concerned. 

46. Adjustment of scales. A very cursory consideration of the 
diagram. Fig. 36, will .show that if the x'alvo displ.accment curie is 
drawn full size, as it always should be, the corresponding piston displace¬ 
ment curve is unnecessarily large for the purjKise for which it is required, 
namely, to read off the percentage position of the piston. 

The scale of the onlinatos of the piston curve may clearly be reduced 
to any convenient size, whilst the valve curve oixlmatcs are kept full 
size. It is of course essential that the curves be drawn on the same 
bate TT, otherwise the main object of the diagram is destroyed. If tho 
curves were drawn on different bases, it would no longer be pMsible to 
read off a pair of simultaneous displdcemcnts on the line passing through 
a given angle at right angles to TT. 
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A vaWe diagram set out with suitable stales is givon«in tho next 
article. It may be mentioned that the work is eonsidentbly ndiicod if 
the diagram is drawn on a sheet of Miuartnl \ the scale’ for tho 
piston curve boing choMUi .hu that the Hlroke cerri'sponds wuth ten of 
the mam di\isio[is of«the The disigratn is then subdivided 

vertically, by the lm<*« of the Mjuaieil {Kiper, and tin* jsTeentago {xisitiou 
of the piston can be retul ofl'ijuifkly and .weuralely. 


Examination of the DisTiiiiini<»\ ok Stevm ekkmtku hv 
THE SlMI'LE Eo EM’UIO (JKAH 

47 . Meaturement of data. Tln.s is nio>t n>n\enieiith explained 
III runniHtion wuh the prohlrm pn-Himti**!, .is follows — 

({i\en a double-iicling I’liginc, rind at wh.-it pen“«'ntag«‘ of th*- 
Htroke the (litlennt events of the steam distribution taki- place, 
rind the nuviiiinm (N>it cipeinngs li>r steam .mil exh.mst, and rind 
the lespecllNO leads. 

In the first pl.-vce, data Hutlieuiit for setting out the valve diagram 
imisl be olit.uiiod from the i ngine. The d.iu reipnnsl are — 

(1) for the piston displacement eurvo, tlie mtio ot the length of 
the eonneeting nsl to the eiank, 

(2) for the valve displiweineiit curve, the m'entrieity of the 
sheave, and the angle between tho sheave radins and tlie mam crank, 
that IS the angular advance or the angular l.ig, 

(3) the steam .md the exiiaubt l.'ijxs, and the widths of tho porta 
and the bridges 

Let it be a.ssumcs} that all the incasun'ments am to be mode without 
taking the gear down. 

The raoaflurL'inents ns^mnsl for < 1) may lx* obtained most accurately 
in ipnnection with the measmeim'iits for (2) 

The first thing to decide is whether the slide valve is taking steam 
on the inside or outside of the valve. Stand facing the engine with the 
cylinder to the left. Turn the shaft round until the tfiain crank is 
approximately in the zero jiusition as shown in Fig 36. Thou notice 
the position of the ecx;oDtnc. If the angle bc'twccn it and the main 
crank is leas than DO^ogrees, the valve is taking steam on the inside, 
if greater than 90 degrees, on the outside. The dm*ction in which jtRe 
engine runs oan at once be inferred by comparing t!ic position of the 
eccentric sheave relatively to the cranky with ('igs. 32 to 35. 

Tl^ eocenfric rod U usually so long m relation to the eccentricity 
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that tho effect of its lAjh'jUitv may ^>0 without introducing 

senHibIc crior? it follows that the (lispljM.*eiiient of the valve from its 
central position is^iven, with negligible eiror, by 
^ = rcos(^ + ^). 

To fine! r, ohalk the valve spinillo in a cor^voniont place near the 
stufting ho\, and, whilst iho I'ligine is h<*iii^ turned round slowly, mark 
tho ^.■lIvo Hpirnllo wifli a tiutninel of tlie kind iHustiated in Ifig. 10, 
finally fi*\mg the cUreino marks of the trammel point meitherdiR'ction 
by a centn* pnncli <lot. Th<‘ distance between th(‘se extreme dots is the 
valve travel, and half this distance i.s the I'cceiitnc, radius. 

Tho measuiement of tin' ungle^ betuej-n the .shea\e and the crank 
can be made without taking the gear down by making use of the 
ahov(“ e\pies!,ion toi llie dis]>)aiement, for it* j and the corresponding 
(■rank angle $ ure known, siiuc r has jusL I'l’ru me.isured, ^ can bo cal¬ 
culated. Tlie values ni 6 at wliieh it is c.isirst to placo the mam crank 
are 0 and 180 degiees, corresponding to the dead points of the piston. 
The placing (»f (lie crank in either of these positions ]e(|uires some cnie, 
heeuuse neoj* th(‘ dead piurits the ciaiik tilths tluoiigh a large angle for 
an cxtrt'inely small motion of the piston, so that it is impossihlc to tell, 
by mere obsenatmn, when the <Tosshead coiiies to the eml of its stroke, 
or when the crank is at O'' or IKO’, with an\ degn e ot pnriMoii The 
following method is used in the piocess of valve setting, and it should 
be studied carelully. 

To phice the emnhat (f or lfiO',the positions correspondinf; uitk the 
dead points of the pihton. 

AHSume that it is to he ]iWcd at 0 degree. Turn the ciank shaft 
iouud,Fig 517, until the evosshead is within about one-eighth of the stroke 
from the dead point Then put h eeiitro dot, A, on the slide bar, and with 
a trammel (d'any coinenietit length seiihe an arc on the slide block and 
put a centre dot at Ji, on the arc. Keeping the gear in this position, 
take a long trammel, and from a centre dot at put at any convenient 
position on tho fnunmg of the engine, scribe an arc on the face* of*‘tho 
wIktI or crank disc, to cut a circular arc drawn on the taco of the wheel 
ill D. K<‘xt turn tho enmk shaft naind slowly until tho crosshead, 
jHtssing through its dead point, comes biwk to the position fixed by tho 
trammel AB. Of course it reipiires at lea.st two men to do this, one to 
turn, the other to watch the crosshcad. Bo Ciireful not to overshoot the 
pcsition, because the block must bo 8topjK‘d dead tft tho place by turning 
in the direction shown, in order to avoid eiror due to any slacknesa in 
the'joints. Having brought the blojk to tho correct position, mark the 

* B«e Apptt&dix. 
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rim of the wheel with the trammel CD fnim the centre 0.^ The jHnnt, 
//would thus be ubhuiiecJ Now bisect thu iiro KD jn*th«‘ |miut J>\ 
Then holding the large t.r.imtnel ^^l^h one jwnijt at C, turn the shaft 
hlowiy until the other ]».*int dn)]^ into the dot K The crank la 
I then in the position 0 dhgree, corn-spomling to tin* di*.ul [lomt of the 
pi.ston In a himd.ti uaj, tiu’ erank m.ix In put in ii*) l.SO (hgrou 
po^'ltloU, 



Fig. 37. SfIIIV*, IJIli I'lhToS ON A |ir\l» I’OlhT. 


ANsnirung tin' n.ink lo In* jthieefi al (1 di grec'. (Mrefiill\’ nienflnrc the 
dis(<un‘e ot iho ^.d\e lioiii its (niii.il jiosiihti) 1)^ .setihiijg the valvo 
spindle with the {r.mnnel use<i ti» find the (ra\el,and then niea,sure this 
distaiuv from .i {‘entre dot plired nmlway bejwe4‘n tlu* ilols marking tho 
Inmt.sot the \ulve irav. i 'I'hrs cpi.uilii) i-, the .r ot the ahove expreShhin. 
The angul.ir ditfen'iiee ean now be i-ahailafisl from 



tho — Hign being used it there is .ingul.ir .idxamK*, and the + sign if 
there j.s angular lag 

Thus in a particular e.w when' there was angular advance, a 
maisnnNi 0.% ineh when tin- <rank was placed m ps ;5(«ro |>oHition. 
The travel me.Uiiiied d inelies. ho that the eeeetitncit.y wiuj I'lj inches. 
Hence 

lo 

From the tables this is found to 1 k‘ the cosine of 50 degrees, but 
since the sign w migus it w 180 - 50 * 180 degnsis. The angular lag 
would have been 50 degns-s if the valve hud tiken steam on the insMo* 

To measigx" the length of tho coruieetmg rial, place the enginS*Buo- 
ceaiively on the two deuil jxriiitH ari<l measure the diataneo from tho 
centro of the crobbhea«J pm to the centre of the cr^k shaft m each 
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[or, 

position. the suin of these two distances is the len^Hh of tho 

connecting Tho length of the etrok'- can be eabiJj' ini\-iMired at 
the slide bars. * 

The laps are to he moasured fiom a drawing showing a section 
of the valve in its niid-position over the ports. To make this drawing.— 

(1) I’lace the engine <ai its resp<‘etive desul points hy tlie method 
just eiqilained an<l ine<i«ure tho respective poit openings, that is the 
“leadH.” Measure also nn<i thti respectue disj)lacement.s of the 
valve corn'sponding to ^ = 0 degree and ISO ilogrees, m the way just 
explained. 

(2) Take th<‘ \a!v<‘ out and meastiro the ]»orts Tins is conveniently 
done hy taking a luhhing of them on a sheet ol papel 

(S) Diaw a sectional view of the pats anti thaw tin* edgt* of tho 
slide valv(‘ in the pttsition wlieu it shows tin* “ leatl” when tlu- crank is 
say at 0\ Measure the disianee fiom this edge, obtaining thereby 
the ptisitions of tlie edge whiui tin* \ulve is in its eentral jiosition, and 
woiking from this edge diaw iis much of tli«‘ \aUc in .is is necessary 
for the piirptjso m view 

(4) Repeat for the ISO" dead point as a check 

(5) Fiom this dmwipg all the laps can be ineiLsuied. 

48. Drawing the valve diagram. Let tin «lata be the following. 

Ratio of (Tank to length of connecting Md, 1 to 5 5 , 

Eccentricity ol slieavc, 1 5 uiehcs, 

Angular athiuice, 130 degrees, 

Steam lap, OS mch lor both cycles; 

Exhaust lap, 0 2H inchMbr both cycles. 

Assume that I he ('ceeutne rod is long enough for the effect of its 
obliquity to bc' m‘gl<‘et<Ml. 

1. Draw the piston displaconnuit curve* by the^ncthiKl of Arts 34 
or 35, preferably on a sheet of .squared juiper selected so that ten of the 
mam diviflions are somewhat greater in length than the travel of the 
valve, that is 3 inches. For this jiarticular example a sheet divided 
into square centimetre's will be found convenient, 

2. Draw the valve displacement curve by the method of Art. 44, 

OR plot it from the equation ‘ ^ 

fl’«l-5cos(^ + l30), 

being careftd to act out t to the tight or left of the (lentre line TT 
according to the sign of the cosine. 
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38. RscrimuLAit Vilvi: Diauujii. 
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3. CoahidiTing the.instroke cycle beginning at 0 degree, draw 
the ime ii*at 03 inch to the left of TT cutting the'valve displace¬ 
ment ciirvo at n mid c. Transfer these points horizontally to the jiiston 
curve and vertically to the js'reeiitage sealo lor the tnstroke dyclc, 
obtairring • 

Admission, 90| per cent, of ^he return stroke. 

Cut oil, 01 ]ier eeiit of the stroke 

Again, draw I he vertical EK at 0 2M inch to the right of TT, cutting 
the valve disphiceiiient i iirve in the )ioints r mid k. Pioject these 
points horizontally to the piston curve and then vertically to the per¬ 
centage scale for the Instroke cycle, obl.innng 
Keleaae, 1)21 per cent of stioke. 

Conipiesslon, pel cent, ot the letliril stroke. 

The lead ine.isiires 0 17 inch. 

The iimviniiiin jioit opening for steam is 1,5-08 = 07 iiuli, and 
occurs when the piston is at 10 pel cent of its stivike. 

The inavimniii port opening lor exhaust is 1,5 - 0 28 = 1 22 inches 
and occui'S when the piston is at 21 pel i eiit of it.s leliiin sliokn. 

i Coiisidi r now the outstroke cycle begniiiing at 180 degree,s. 
Draw the line Olotted) at 0 8 inch to the light ol TT, cutting 
the valve displacement curve in the points a, and c,. Project those 
points horizontally to the pislofi I'lirve and then vertically downwards 
to the poicinlago scale li,r the outstroke cycle, ohtiining 
Admission, OOJ jiei leiit ol letuiu stroke. 

Cut otf, llttl jier eimt. of stiuko. 

Again, draw the veitical E,E, at 0 28 inch to the left of TT, cutting 
the valve displacement curve ill the points r, and k,. Project these 
points horizontally to the pi.ston ciitve and then vertically downwards 
to the outstroke cycle pereentagi' sc.de, obtiimiig 
Keleaso, ft't^ per is iit of the stroke 
Compression, 7ft per cent, of the reliirn stroke. 

The load measure.s 0 17 inch, a.s bcfoie. 

The uia\imnm jKirt opening for steam is 0 7 inch, as before, and 
occurs when the piston is at 2] per cent, of its stroke. The maximum 
port opening for exhaust is 1'22 luche.s, as before, and occurs when the 
yiston is at Id per cunt of its return stroke. , 

, Finally, ony position of the prston being assigned for either cycle, if 
the corrv'Sjionding point be found on the appropriate percentage scale, 
lUid projectesl vertically on to the piston curve, and if through this 
second point a horizontal be drawn, as A'A’m rjg.'86,*nll the «ircum- 



iv] The Simple EceetHric Gear flO 

Btancpa of distribution for W.h cyclos can once Im olitaincd by 
considering the intorcopta r>f the valve displacement emv* along ihis 
line. Tho several events of cut off, ri’lc.ise, com]U't'ss.»ui juid udii^ission 
are indicated on the jx-'an-ntagr scales by the capital letU'ia 

• n, K. A, 

a subscript d:ush K'ing used to distinguiMh tho evnls belonging to the 
out-stioko cycles. 


49. Velocity of the valve. The lati- at ulnch the valvo is 
moving c«‘in be readily toiiuil from tlie dispi.ieemi'nl enive. Ata]h)int 
on the curve which is at a maxiimim dist.imv li<*m thr axis TT, the 
valve IS inhlaiit.me.Hisly at rest, it is in laet, at a <h‘ad point. Tho 
ni'Me hoil/ont.d th<‘ cuive breonif, (lie gieal'T the vrliHity. 

An exact nieasiiie «*j the vihifjly i.ui bi* louiid bv ineasnimg tho 
sli>js'of the curve and thm multijilying (his b\ a suitulile factor, the 
factor d* pi iiding u[miii iho siah s usi d in llie valve di.igiam and the 
hjmsmI oi rotation ot the ciank. Suppose. |..j mstaiMe, that the velocity 
ol the* valvo at the point (j on ihi' ciini' j*, retpiii«d, Fig. 138, corro* 
sjHmding to a ciank angle of 7o d» glees 

Diavv a ;aiig< lit to tin- curve at <y and piodiice it to cut tin* vi-rtical 
axis lux^. Tlieii the slope at the p..inl /j is m.asiired by tile ratio 

V-0 ^ 

a, <, 

Measiiiing Ihi ^e distanc e otl, a will be tound thal is 1 lla ijichefe, 
and ajij, 2 inches The shipe i*, tlcn Ion, 


The multiplying factor bi bring (Ins to js*r .second may be 
calculated in the ioDowing way .— 

inch bori/^ontally on the diagium n-pr M*nta p f(*ait, say. 

1 inch vertically on the diagram represents ^ degrees 


Tho time taikeu by the crank to turn through <legn os, if the crank 
makes n revolutions, that is dt)0« ilegrecs, |)ei second, is 
0 


sm 


8t*condM. 


Therefore one inch vertically on the diagram represents 


« 7 .: 7 - seconds. 
a00» 


The distance qxi represents yx, xp feet And the distanoe XiXf 
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rcprewntsViJ, x — awiida The actual velocity represented by the 
ratio a ticreforci 


per second. 


The quantity in l)rnck(‘ts, whirh is the* .multiplying fjictor, therefore 
depemln only on the scale-s chosen tor the diagrcuii and the 8j)e«d of the 
engine.* 

Ill the prcsi'iit ev.’unplo 

foot, since the movement of the valve ih ahow’n full size. 
^ssUl dogrees. 

Therofliro th(‘ numerical v’uluo of the multiplying f.icttu* is 04h2n. 

The speed of thi' vaho at (/.that is when the cnink is passing through 
the angle 75 degiees, is the slope, 0075 mnltipluMl hy the faet<»r 0402rt, 
and that is O’lllhi. 

If the engine crank is making 4 K'vointmns per wcond the actual 
instantaneous veliK-ity is thcrefire ! .‘12 fi'ot jier second 

From this it will be seen that if the slopes of the <lisplac(‘ment 
curve bo tabulated against a senes of eoi respond mg (*rank angles, thov 
will represent th(‘ varying velocities of tiie valvi*, and these slopes can 
bo converted into actual instantaneous vibxiities by multiplying with 
the common factor whose compL‘t*‘ luimoiical valuu is known when the 
speed of the engine is stated. 

When the oblnjuity of the eccentric rod is neglected it is usually 
more convenient to calculate tlie velocity from the e.xpression 
j;ss —rsm {0 + <f>) 27rn, 

which is found by differentiating the (ipiation for.the di.splacement x, 
with regard to the time. Woikmg the above example in this way, 
r « i feet and (j) = 130 degrees. 

Therofon' v = — J sm (75 +130) 27r?t ^ 

= 0'332« f(‘et per second. 

This methiKl is mon* accurate than the graphical way because the 
drawing of'a tangent to a displacement curve cannot be done with 
great accuracy, though the accumey i9 as a rule sufficient for all 
practical purposes. The graphical method has the advantage, however, 
that it is perfectly general and can be appli^ to find the velocity 
kt points on any displacement curve, for instance, on the displacement 
curve shown in Fig. 52, which is distorted by the introduction of a 
rocker to make it pas.s through the two points required to give equ^ 
cut ofk It may also bo applied to all the reveraiag diotion displace- 
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meot curves given below. Before the analytical method cangbc a]1|)!ie(i 
the equation of the displacement curve must be known, and this cannot 
be found exactly for the cases just qiiowd, though, if the form ‘of the 
curve Is given, a Fourier Series may quickly be found to nqircsent it 
^Thia matter is discussed* below in Chapter X. 

There are other geometrical constructions for finding the viiocity of 
the valve in connection with the forms of ^nl\e diagram given lu tho 
next few articles, but they are bo-Msl on thi* assuinjition that llu' valvo 
is moving with simple hatnionic motion and tluTrfore give tho sarno 
results as the above expn^shion. Mon-oviT wIkmi llie solution is found 
it must bo interjm'ted in conneefion with the seale of tlu‘ dmvving, st» 
that altogether the woik is no more e\pr<ljtious than with the gonerul 
•method. 

Many further illustrations of the analvlieal way of ealeulating p will 
be found in the s* quel. 

It may be moiitioiie«l that v will soiiu-timcs conie out |KiRitivo and 
sometimes m-gative, acconling to (!i<* value (»f d. Th<‘ |Mwiti\e sign 
denotes that the valve is moving from lelt to right, anil tho negativu 
from right to left. 

00. On the yoriation of the elements of the gear and the 
effect on the distribution of steam. This mav lie msily studied 
if the valve displacement curve is <liawn on a pien* of fraeing pajKT, 
calling the angle zero when the displarenumt i.s a maximum in the 
jiositive diieetioii, or in othiT wonls plotting the* rune .rarcosa to 
repivstmt the motion of the valve. 

Mark on the axis of the enm* the angle corresponding to the 
angular advance betvvecn the sheave and tho main enink. 

Set out the piston curve with lUs attend.inf |KTC(‘ntage scab's on a 
separate sheet of drawing ppi'r. 'fhen placi (he tiacing of the valve 
curve over this drawing so that the voilical axis T,7’, on the tnveing 
.coingides with the vertical axis TT on the drawing of tin* jiistoii curve. 
Keeping these lines in coincidence, move the liacing njtwards until tho 
angle ^ is brought into coincidence with the angle z<‘ro on the axis of 
the piston curve. If there is angular lag, tho angle \ mu(ft b«‘ set out 
in the negative direction on the tracing, that is upwaids, starling from 
zero, and then the tracing must bo moved downwards over tho drawing 
to bring the angle X tn the tracing into reincid<’nce with the zero of 
the piston axis. Having adjusted the tracing to this {sisition pin ft 
down and complete the diugram by adding the steam and exhaust lap 
lines to the tracing, obtaining thereby tho diagram of Fig. 38, only with 
this difference, that the piston curve wrih its attendant percentage 
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acalefl is o^i n (Imwinif ])rn('ath tho traoin|j on which the valv(‘ cli.sjjlaco- 
incut curv'»- drawn with itH atti^ndant ateum and exhaust lap lines. 

The effect orwtho distribution of chaft;(lng the angular advance can 
be studied by moving the tracing up or down into new positions, this of 
ooui^e being (sjui^alent to changing the angular advance. It will soon^ 
be diHc*)\ered that although an increu«(i of the angular advance, or 
a deeri-ase in the angular lag, will give an earlier cut off jioint, yet 
every vcitical moveinent of tho tracing must be accomjMinied liy an 
appropriate ehaiigo in the steam lap if the lead is to be maintained at 
a constant amount. Also an incicase of th** angular ad>ance will 
geneially huvi* to be acoompanied by S‘)me change* in the exhaust lap, 
othcnviHC the loleam' wdl take place too soon .uid the eoinpression may 
be i'xcessive. 

If, iiihteatl of changing the angular .id\aiu‘e, the di''[)].ie*>iii»'iit curve 
be changed by varying r, th<* eccentruity (tins nnohes sketching two 
or thre<' cosine runes on the tianng on the same ;i\is fu* iliftereiit 
values of r). it will bo found th.it a de<‘nM'»e in r delenrnnos an e.irlior 
cut off, hut luTe again flu' lap tuusi be alteii'd if the lead is t«* be kept 
constant. tSiinilaily the exhaust l.i[) must hv rhanged if the releiusc 
and compression are to he k»‘j>t at tho satm' points. 

In general the effect of <'li.inging the angiil.ir .idv.ince is much 
the same ns the effect of changing tin* eeci ulncilv Neither change 
can be made without an ;i]ipiopiMti‘ i-hange in the steam ami exhaust 
laps, and both changes inleifeie ailh tile maximum openings of the 
\.il\e for steam and exhaust. 

The student is lecomiiiemhsl to repiodmv tho v.ihe diagr.im of 
Fig. 38 m the manner Iuto explaimsl, (h.it is with the valve dis[»Iaee- 
luent curve si t out on a tracing, and to atiidy tho efteefc of tho distri¬ 
bution ot sUaim c.uiscd 1 j\ changing 

1. The steam lap: 

2 The exhaust lap; , 

3 The angul.ir adv.uice, both an increase and decrease; 

4. The ececntiicity, both an increase and decreivso. 

In each case, study tin* effect of the change with all the other quantities 
constant. Then tho effect of vaiying two together may be tried. An 
hour s|)ent lu this wnj wdl teach tlio .student mogo about the properties 
(ftT tho kind of valve gear under consideration than ever he can hojw to 
learn b) reading about it. " 

In ev<Tv cn.so h>ok e.uxTully to tin* load and assume that it must be 
kept constant. ^ « 
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There are many other ways of xtinhing tlio qucaliiai^ hut none 
which will ffivo a cloan'r m<ij;hl into what is* taking jilare. 

Four other valve diagrains will lu' ex|ilnined ,in the ni'Vt few 
articloe. The difterencos in fonn all turn mam tho different wavs of 
setting out or ublaining.lhe lalve dis|ilaiviiient 



61. The oval dtagram. A way of ilr.iv.nig a \a1ve diagrami 
much used by |pcoinotne t ngineers, u to ]ilot the vali" di»|)laeenienlf bn 
a stroke Kise. Tins is illustrated in Fig ll'i The \ertical TT now 
represents tho stroke, and the chain dotted hoiizoiilal hues pass through 
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the piHt^n pfwition corresponding to 24 equiangulftr positions of the 
crank. Any length may be chosen for TT^ and then piston positions 
for a sericH of rnmk positions niiiy be foTind by either of the methods 
explained in Arts. J^4 or 35, The corresponding valve <lisplacements 
arc mcusiired from Fig. 38 and are j*lotted at right angles to the stroke, 
giving the points 1, 2, etc. to 24. Joining these, there results an oval 
curve which tends to beconu* an ellipse as the ratio of the connecting 
hmI to .the crank is increased, until m the limit when both the con¬ 
necting rod and the eccentric rod arc infinitely long the curve is an 
ellipse This oval is the valve displacement curve on a piston base. 
To turn it into a valve diagram,draw LL, JJE—L,L,, representing 
the respective steam and exhaust laps, exactly as in Fig. 38, cutting the 
oval in the points 

a, c, r, c„ I', r, 

taken in order. Thi* iindashod letters lefer to the instroke cycle, the 
dashed to the outstrokc cycle. Projecting th(‘sc points hoii/ontally to 
the percentage scale drawn about the vcitical axis TT, the pi.stori 
position is obtained for tin- difteient events in the tv\i> lyclcs. As will 
bo readily seim the opening for steam and exhaust can lie mcasuKsl off 
the diagram for any assigm-d [uston position. Thi' had, being the 
opening wlicn the piston is on a ilead point, ean be mcusuicd off for 
each cycle at the ends ot the .sljoke. 

The diagi'am is drawn hd' the data of Ait. 48. This form of 
valve diagram is a convenient one when the valve displacement is 
tibtaimsl from a moilel of the kind whcio the simnlt.irieous values 
of the piston jiositioii and the valve displacement can be read otf. 

52 The Zeuner diagram. This relcbr.ited and much used 
diagram is the jiolar form of the rectangular diagram. If the valvo 
displacement, .T, i.s plotted radially fiom the cciilre along the arm of the 
main crank for a succi'ssjon of angular po.^tmns, as shown in Fig. 40. 
and a curve be drawn through these points, the valve dis})laco lent 
curve t.ikes the form of a figure 8. 

The convenience of tins form of displacement curve lies in the feet that 
if the length of the eccentric rod is a large nmltiplo of the eccentricity, 
the curve does m»t differ wmsibly fiom two circles, touching at the centre 
0. Moreover the lino AE |)assing through 0, the point of contact, at right 
angles to the common tangent at 0, is inclined to the horizontal repre¬ 
senting the line of stroke at an angle of (180 —<^) degrees, measured in 
advfenco of the crank, so that knowing (f>, the line AB, and consequently 
the displacement circles, can cosily be set out. Of course the line AB 
may equally well be set out by measuring tp ii^a direction to 



iv] The Sim}^ EceeuHric Gtar fi5 . 

the motioD of the crank, from the 180 dogro(‘ {X)^tion of the vtink, or if 

^ »(00 + S ) 

by setting out the angle 8 tc ih of the vortical through 0. 

The rule for dmwing«the |H)lar disphicoinmt oirfh*^ may bcsliit^Hl 
* thuK 

1. Sot out the Inio A H nt an angle (ISO-^) with the z«-ro crank 
position, in the (lireoiitm ot lotalion the ontnk. 

2 S<‘t out OA, OH r<‘S|H'cti\oly (‘<|uul l<t the ocociitnntv r, and on 
0-4 and OB as dmmetorb dniw cm'lcs louching at 0 

J^repi'csetiUi tin-tiav«‘l of the valve since it is twice tlio eccentricity. 



These two circle.n t‘>gc‘ther form the |M.]ar valve diiplacemenl curve 
and have the property, that if the crank be plaer-d in any jiosition as 2, 
the intercept between the centre 0 and tin* curvr», .is x, is the corre¬ 
sponding displacement of the valve fiom its central po.sition. 

This may be proved as follows •— 

When tho effect of*the obliquity of the eccentiic rod is neglected^ 
the displacement/jf the valve is given by •• 

x^rcoaf^ 1- 

for outside steam admission. 
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Pv<nhw^ th<' >ff tho tr.uik .iiin through ihv ci'ntro 0, wiu'ii 

it \vfli 1 h‘ that tho (d-i (f>) in oq lal to the an^'’h' Tbo 

I !' 

cositK* of (Ills aii;;lo IS , Miii’o tho an^^h‘ in (ho sciuiciiolo is alwaiis a 

ri^'ht aiij^lr, s<i ill,it j -/• ciistft + 0). This is-ttiio for all positions of ^ 
tho I liiiik, tho upiKT III' lo off 4 foi all positions of the crank 

al>o\i‘ Ihc conimnii laiigonl at. 0. the lowt i '■nc-l<‘ sorvin^^ to out pH x lor 
all posiliuiis Ill-low I ho l oiiiiuoii (an<^i iil 

'riio posiiion ot tin- Cl,ink foi Iho \aiioii'> ovmtM can ho toiiml liy 
fixing tho [loiiits on tho cnclos whoit-is o(|ual lo (ho n‘spocti\o strain 
ami exhaust laps This is most con\ciiioiii |\ (lujio h\ ihawui)' aics Iroin 
tin- conlh- (>. uilh radii oi|iial lo tho sir,mi and r\haiist laps icspri-tuoly, 
Fig. 41 ,1 uUnig I ho i.ii( h s in tin- points 

o.',/. /. r. 



Pig. 41. /kunkh Valvk Pivi.UVM 

Tho si'voial ladii dniwii fioiii 0 tliroii^ih ihi -^o points Hx tho angular 
pasitioiis of tho crank i-oiirspomling to tho eight o\<-nts ot tho two 
«ycl('8, Coiisidor. ha instance, the poaitioii of the crunk Oc, the 
ditlpiacomont .r is gi\i*ii by Oc. But this is e(|ual to ^ho steam lap, 
uikI tho (lisplai’oinont is doon-asing. thoioforc cut off is just taking 
place. Hence Oc is the crank position tor ^egt oft” 
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Thi' p<»rt opriMiig for stmin mi the ij^lh'ki'-fVTh’ fh<' i*(mci‘pf “m 
the cr.mk urm l)<'tw<‘cn th'- il}>])liu'mn<-nt min** ami iIh' «n‘ ac. Tlir 
port opening lor (‘xliau''f llio juloirtpt on th«' n.iiik arm Im hvc.-n tli.- 
displ.U'ommit micle and (In' an' rk. Tin- tmNtJokc ean !•“ mjihIiuK 
I troan'd Tin- loads for tl^^ t\\o 'n.-l* s aio iho n "p* i (r-r m!on'c]»ts whon 
the ''tank Is III tho i) d* and tits' I sil d' I'lo.- pusHi lUs 

The voiiO'pondiiiL,^ pi^loii pitsi(|..iK an- pio|i i (.><1 tmtit iho (’rank pin 
]n>sition'<, In ill* cuiVHi ,tuss|i.K\ii III d<a(. d lull-> mi fn (In diannlm' 
of tho ''lank pm ' nolr uim It js taki n (<• i- jih'-i m dn sth.k, 

Tho ‘ asi- wit It IS liirh (Ills <li i,.,o.iiii rail lie i uiivt iiii'tnl It i'' k d (o its 
< \lon''t\*' tis.' Ii iiiiixt n.il )>i' iisi il.iokt •! (li tf dll' display nn nl cinscs 
an- mils cm k's ulimi du <ililiijtn(\ "I dn- cen nttii lud |s m'irli-cti d ]f 
ihi-' Is i^ioaf and ii ipuios to bo t iK< ii info at i -'iiiit (lio cuiscs (licii Ink'* 
as lmio to diass as iii dn- n < I tii^ni] ii iminul (In’diai^oani, since llicv 
must ]}(• M t out )iv at (nails timliii” salin-s tif /■ < i>iies]).>iK|ing to a 
-I in s of Clank aiiuli'• ami dn n plnt'iiii^Mln st* st m lal salne-alon^ f)ie 
»lank .ttm in Us \,o nuts .ui^td u p<--iinais iiisii ad *>1 ploi(mo thmii on 
a crank baM- 

Fik H -Ii anil \sidi die dal i <<1 \i( I^S 

53 The Reuleaux diagram. In dm t \p1 mation >>1 tins and tlm 

folloss Jin' <!i i;^o im U Is iiiMic ' "list nn III i i om dn- sm, in] in tot I lie 

\al\c ili-'[ikii I im-nl 'I’liU" ■'ime tfi ‘Hi \ iS, 

I -• I Cn> I ^ f '•((, . _ , Mj, (p 4 f.) 

Tito j" iiliai il s <*l I In lb nJ' ms iti im Ki^ 1J. m 1 bat tin' 

B is sei «iiit 1 m loss die /I j<» jioxitioii nl dn «•! iiik m. dial ssln n die < larik 

Is III arts posiin»n 0^^ tlie an;;!' (p>h m i 'jiial lo (0 + h) Tin- p'-ipeii- 
ditiilarf^N lioiii on to dn M'liii>ofdi. < m le Cty 1 m iii;^ etpi.il to 
r the isc'-ntin its, is tlieh loi' < <pi il in 

l '•Ml t rt) 

Hie pisitioiH of die (lank can be loimd fm (be \ u nais»\ . nN of die 
stroke !i\ timlin;; dio-'' po'ilimisat sslinli tlie p'Tp<mdi''nIar is eijiia! to 
the lespi'dso laps Tins is mom lonsi nn iitl\ done b\ drawing; Q,Qt 
(laiallel (o (il) at a dmlalife fioio it i ijil.il to tin ‘•team lap, and at 
a‘listance tin tile otlim snk npialtollie e\|iaiis( l,ip Tln-S' lines cut 
the circle in tin jMunts () , (>.. Q^, ami these |Miinls fl\ iho cnink 

positions for tlie eon'^jiomlins; eseni-, adioKsioii. mU otf, release an^ 
comjiressnm. The pisitnins for the nistioko c\<li' onls 'tie shown. ,Jf 
the circle be fakeii to t* present the patli of tin* ci mk pin to scale, 
Qi> Qti Va. Qt> p‘)>i' nt the positions of the r-raiik pin rousjdenn^j 
the eraak ixisition (J , for instance, ^A/^ = /■^Jn(d/•*-6^. is eonal to the 
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diapliiccmoHt for that cmnk position, but this disfunce is equal to the 
8tc*an^ lap, and the displucciiK'nt ib <k'erenskig, thercfore cufc off is just 
taking place. * 

Tb(j (kpciiing for stoarn or o\hau‘<t for an lUMsigned crank pin positum 
is equal to th<‘ length of the perjx'ndicular from the cmnk pin on to i 
()D minus the appnkpnatc* lap. Jlence fhc lead is found at once by 
dropping a peipondicolar on (o O/) innn the /oro position of the crank 
pin and uieuiuiing tin distance heUceii the line and the crank pm. 



Fig. 42. Kki ik.xux Phor\m 


The ccirresponding poviiions of ihe piston with reference to the 
centre of the stroke* are exhibited bv lb** hoij/onUl distances, 

Q 4 «/ 4 . between the crank pm positions and Che arc dniwn through 
the centre (> NMth radius erpial to the length of the connecting rod. 
See Art. 37. Or, of couise, they may be. projected on to the diameter of 
the circle, by arcs, as m th(‘ pre\ious ca-M* 

The diagiam is dra\Mi tor the data ot Ait 4^. 

64. The Biigram diagram. Thw is a diagram of the same type 
iti the previous one, only h(‘re the angle 8, I’lg. 4:^ js st*t up from the 
180 degive pibsition of the crank in a direction opiuisito to the direction 
of roUtion of the crank. A ciicle, is drassn from 0, with radius equal 
to the eccentricity, thereby tixing a point Q. Sikp|Kise the crank to be 
]»lacod m any jiosition dehiied by the angle 6. Produce the crank 
through (K and it will be seen that kite angle this direction makes with 
the line (^Q is »,'(pial to (^ + 8). Hence, a (leqKmdicular QS from the 
fixed point Qon to the cmnk is cquiU to + and it therefore 
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ropri*3cnt« tho vhUc (lisplarcmcnt. In Uie rmnk jMwition ihf i.miU 
is at right angles to is (h(‘r(‘fHri‘'tlii‘ vuKc (f!spljii-i-iiieiit 

Between the angles an<l ^icgrees the hml of the .jK^rpeti- 

dicular falls on the cnuik aim lUelt, as shewn lor ihe angle 

If circleH hi) drawn jrom the eontie Q with nulii resjK.Tti\el}’ oijiml 
h* the sk'am and exhaust laps, the ennik poMtiens for the f<»ur ovi^iits 
of the instnike eyWe are fixed l»\ the l.oir l.uigeiils whieh can he <lrawn 
to these circles Iroin the p<»iiit 0 ronsid« i the ^■^cnl of "cut otf," foi 
instance. The \al\e displaeem<-n( is given h\ mid this is clearly 
iSpml to th(‘ st4-.tin lap, theiekae llie ciallk Is in tin position c oilespnmh 
iiig to cut •»!! h\ (he \id\u. 



Fig. 43. hllOIMM DtAiUlAH. 

%n the position is the displacmient of the xidve.and Qp, is the 

steam lap, thendore the difference p,^, is tin- ojiening for hteain When 
the crank is at zero,,(2^ w the displacement, and is the st<‘am lap; 
therefore ps is the hsuJ. 

No difficulty will lx* found in fallowing the crank pwitions from the 
figure which is drawn for the instroke cycle with the data of Art 48. 

The pistrfin |x>Mitg>ns A, R and K, nn‘ piojocted liom thi* cn^k 
pm iiositmna 1, 2, 3 and 4, by the {^re.s hhovMj, ,, 
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(IF tufj (lEMi T(i rcMir, (Oven Ci ini in kins. 

85, Determination of the displacement curve to pass 

through two given points. A siiuh uf the (.il\o (iMj-nim, I'l,!; .‘W, 
will 8h()W (li.'il, Ini a j^iM'ii gc.ir, tlm i.iIm' (l_K|il,iiviiic'iit ciinn i-.iii liv 
(Iniwn wlnsi Ihn two ooiistaiit (jiiaiitilios r anil 0 arc known. 

]l is a iii.ilhoiiialioal |irilioiiilo (liat a cifno iiiioUiiio two corislanls 
for Its s|iocifii;ation iiia\ lio inailo (o |iass lliioiioli Iwo jiuoii jioliiH. in 
this ciiau tho coiisi.ini-, r .iml ^ ,ito i oiin. 1 1 .1| hy ihi ii l.iii.m 

.<■ = / cos + .... .. . (I), 

from wliirli ,r, Iho \aiI.ililo (lis|,l.ii ciin lit, imii ho <,il. iil.ili il wln ii tin’ 

\nlllC ct( lllo otllol \al l.lhll' (I Is .issliriioll llnioo. (ollou lll^ tllo jailK Iplo 

hlati'il alioM', tlio (||S||| .. I iii\o la.n ho mailo to |iass lhioyij;h .iiiv 

two points /* anil Q. Ki^; tt t.ik. ii willnii lln liiiiils (t^d and titiO 
ilcj'ioos, Id Miil.ilily li\in,i' tho (.linos ot r .mil ,f, 

ICiioh ot tho two points /'.ind Q loipiiios two ipi.inlui, s to spooitj i|., 

niinii ly, tho .ii|o|c (t and tho dis|il.ioi iiii nt ; so ih.it. in ooiioral. (aUo 

>;(‘ar prohh ins in wlin h llio .lion ot tho \,iln' is not s, nsihU .dlootod 

hy tile ohliipiit) nt tho loisnliio lod nuolii pi iiii.ii ih. I ho i oiistdoi.i- 
tiiin of S|\ ipi.inlitios, ot wliioli loin nnisi In yi\, n .md tho loin.miini; 
two lllo to III' loiiiid 

Lot two poiiita 1‘ .iiid (J III >,d(. 11 /' hoiipo sp. I il'iod ti\ tho .mirl,. ft, 
and (ho ihspl.ioonii nt Q hoino sponlhd In tin .ino|o t>. .nid tho 
displaconiont j^. Tho .in),do, ,no nio.isiind as .disi is^.io li.nn tho 
lioint 0. 'I'ho most COIKOIIII nt n.n to linil r .iiid (ji is to suhslitiito tho 
guon (allies ot a- .mil (1 in dpi.ilion (I ),golt mg t lioi, In two smuiltanooiis 
iHimitions m r ami ^ Tho .soliilion ot Ihoso o(|uatioiis will gno tho 
vallK'S ot r .ind <f) loijiiiiid A gooniolitoal solution in.iv howo\oi ho 
given hole (lonsidoi hig. 44, wliioii, assnniin,g tho solution, shows the 
ociamtiK’ ladms in tho positions and Dli, oonosjiondmg with the 
crank angles ft, ,md t).j. Tho ki,( to tin* solution las in the circiiin- 
stancos that, if .1 II is |omod, A III) is an isosis los 1 1 lamdo who.se ve^‘loal 
angle is (0^ — 0,) and that ihi' lauso AH is dividod in (-', so that 

A(^ : Cll ~ j\ j 

and that the iiiili il line DV,. fioiii which tho ciaiik angles arc nioa.siired 
is at light aiiglos to ])(\ The geomotiic.il ]irol)loni is Ihoiotoio to dr.iw 
this isosoolos til.High' liadiig given tho vortical angle and tho ratio of 
the bOgiiieiits of till' haso The eonstniotion is as"follows — 

Diaw, Fig 4.0, .my is.iscolos tri.m,gle AIllJ, ha\,iiig a vortic.al 
angle 0,-0^ If 0,-0, Is gro.tter than IhO degrees make the 
angle thiO - (0, - 0,) 
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Fig. 48. 
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Divide the hasc at G in the ratio of the given displacements a:, 
.and .rj. If a",, are of unlike sign, divide AB interiorly: if of 
like sign, divide AB exteriorly. 

Join DG, and from the ajicx I) draw a line DF, at right angles 
to-DC, 

Then DA is the eccentric radius lo the scale on which GA 
represents the di.splacement ic,. 

From DVn set out the angle d,. Then I'lD-'l is the angular 
advance (j>. 

If P and are plotted on a polar diagram, as in Fig 40, the problem 
rcsolvc.s Itself into the drawing of a eiiele through thiee given jioiiits, 
namely the points 1' and Q and the ceiilie 0. 

66. The determination of the displacement curve to pass 
through one given point. It .utlier r or ^ is given, the displ.iemuent 
curve can only bo made to [siss thioiigh one point The eoiistnictioii 
IS then, assiinuiig r to be given •— 

Diavv a curie vvilh the given 
radius. Fig 4() 

Let d|, j, define the given 
point P. 

Di.ivv a line through P, parallel 
to 27', to cut the circle in points 
p, and p,. The two points of 
intersection show that two sidii- 
tioiis aie possible. Which of 
the two IS that required is to be 
dek'niiiiied from the conditions of 
the problem la't p, be taken 
ill this case. Join p, to 0. From 
OF .set out d, the given a^igle. 
Then ^ is the requirid angular 
advance. 

If <ji is given and r is to be 
found, set out the angle + ^ 
^ from the initial line OF. Set out 

yijj. 4 g. OP equal lo the given value of 

r,, and then a pvwpendicular to 
OF, through P, will intersect thp line Opi in p,, ^mg thereby 
the radius Op,. 
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67 Quantitiea which determine point! on the dlipiaoement 
ourve. In valve gear iirebleins, the giving the angle of the ciiiiik 
at which a definite e,vont of the distribution takes piece fixes one of the 
(juantrties necessary to define a point thnmgh which the displiiceinent 
curve must piLss- the nature of the event deterniines the displaeenienl 
correajvmding to tins angle. Thus if 

9, IS the,crank angle at cut off, llie displ.u’eiiu iit is eipi.il to the stociii 
lap 

6 , 19 the (Tank .iiigli- at n Irasc (In* dispLici iiH'iit is cijual to tlu‘ 
(‘xhaiiMt ja)i 

19 the cr.ink an^do at aihni.sMnn, (In- (h'splacoim nt is (•(pial to tin* 
sttMin lap, 

Bk i‘< the (Tank an^Ho at («»!npi»'>vsinii, iJic (li^pkin-nicnl is isjiml to 
tho cxluuHt laji 

$0 m t}n‘ crank angle at a il<'a<l pnmf, vslufli is oiiIht 0 oi l.SO (h‘gr«'(% 
the ilispla<‘'‘iin'nl is isjti.il to lln* lap jilus tin* lead 

Hfiicc if any two of tin* ahoM* pans of \alnrs !«• gi\i*n, lln* cotiMtiuclion 
of Art. 55 may In* applied to find iJn* ciaistjuiis (ho displaci'inoiit 
curvo which will pass ihnaigh tin* points dotinod hy tho given data. 

It thedaUgiviii.uo ispiiv.ilonl (o tho living of (lm*o jiuinta on tho 
displa(*« !n«‘ii( curve, tlio (imhl* in is iinjitissihlf with the itirni of (Jinplaco- 
imait enrvi* niuloi disi ussittii It om* jHiint onU is sps itioil, the mdution 
iH indefimto in tin* s.-nsi- tliat tin- iiiiiiiIht ot solutions is inhnite. 
In this ciw niio ot (ho c uiislanls m.iv ho i*hi>s«*n, oidior r or and tho 
probtoni then liecoines (In* ih'hnite "He <>1 Art 50. 

68. Design problems. Since hit (piaiititios an^ primarily 
concerned with valve pi'ihlems, it will Im obvnniH that a largo 
number of exi-rcises ma) he niaiuilactured in which four of the wx 
arc given and the remaining two have to be found In many cases 
the^-aluc of the displacement eorrospi»ii<liiig given angles haa to bo 
found from known ii*la(ions i‘\isting ]M-twM*n t-he dj.splacerncntH them* 
selves. The probl^an^ piesi-ntid in practice, in conm'ction with tho 
design of a valvi* gear, arc however reatn-ted to a and in 
solving them geometncally it is well to k(‘(‘j> m iniml the relations 
existing between the varmiis constautM o| the gear and illustrated in 
Fig. 47. Thus, if OV reprosi*nts the emnk at a dead jxiint. and Oq 
the eccentric radius, t^e projection of the radiim, namely Oq^, m wpiW 
to tho valve disjilmwnnent trom its central {lOKition, and this m equal 
to the steam lap plu.s th(* lead. Further if Oa repiv'sents the position 
of the jeccentrit; mdiu? at admission, the projection, OL, repifsents the 
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flis|)I;«-('niyi[ of (lir vah<‘ at a<lini‘"'ioii. uhicli i.^ nf ('ntii’sc (In- stoani 
lap, moreover, if llie jaoji-eidr h(‘ pio<ln<‘(‘<l U) eiit tlu' rne|c at c, Oc is 
the puMfitiiLof thy eeci-nfiie MiiiiH at Tilt o'ft' Simihulv Oraro the 
res]ii*eti\<‘ pn^ilhrjto I'l thu 'eertiltie lailllis al CompFesMoll aiul n*h*iUS(‘, 



Fig. 47. 


OE Ix'in^ the e\li.iii''t lip 'I'ln* Itii- v ,/,• uxl /,/• ,ire p.u.illol, ami both 
me l)l.seele(| <if aiieh > h\ (hr jitii |V/ piixjiu cd, uhieh in.uk*- 

IIh' zeio pnsiiion o{ the i i.iiik 'I’uo I'ImIiI. in- .iM- of p.iHiculai 
llltelest, one u] wliieh liia\ lie .is lollr»\\s - 

riolileiii I tJui'ii file ii.mk at ml ofl the hail, 

ami tile reiTiitiie i.nhus, timl lln -ham ).i[» .iml the anetjl.ii 
aiKaiice, 



Fig. 48. 

The «{olution of this «lrpen<l*» upon the ficN that the angle turne<l 
thivuigh !))• the eeceiUiic ladiUf. from the position ci^nesjKimling to the 
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|M>.siti'on of the <T.»nk u|» (o ful otV l^ *‘(jn;i] to <9,^ lluit (Ih* 
position (>i’ tlio craiik at zoro. pjiKlurcd, lijvirts the fin- 

ocoontric mdius at adnii-ssion and at cut otf, and ill.'! tin* ]aO|cotjon 
of the**eccentric I'adms on tin* /no j)ositi..n oi ilio ciunk, piodiKotl. is 
('(pial to the steam laj> Jlcino tlie loll*>\\nio mnsliut(mi., I’n^r — 

Diau A cihl« wilh iho ^u\in i.idius r, :m<l s, t ,,ut Iwo ra<iii 
Oi/,. (n\ to contain till* iiiii'lr e, W nil ladnis npial Lo llio lead 
diav\ a 1 Hide horn 7 aa c«nli'-, and liom (I tli.iu a laiij^enl lo it 

ciiltinj; llie ec(<'iitne cn<-|o in o I'.isi ei of m !. .iinl diaw lA)V 

or is tin /eio posilion of til. <iank. I’O.y is tin ui^idai ,id\.iJic<‘, 
and is tin sieaiii la}> 

Kioiii these, and tin- i^o\«n d.iM the \.ilve ilispl.ieen.. n< rni\e ina\ 
he set out and tin- xaiunis . v. nls «it tin •'ti.iko d<tiinnnuj The 
djsplaei nn Ml < iim. h. in^ n.o\ li\'d lln' e\haiis( lap ni.i\ !»• aiian^'ed 

to do(( nmii' iillni I'l.asc oi 1 ..nipi''•sir.n it a si iicd ]ii 1 ciijl o! 

ill. sliuke 

Tin s. euiid prohh ni is in p ii ll' nl it 1 all. d ilie d. piohl- in 

Piohl.'in 2 (ii\<n lie- nank allele at I ut ‘'0 (9,, t lie h-.id, and 
the n'.iMumni <'p'nin;^' of the p<>i( lur stiMin. tiinl tin .•(ceiilnc 
radiMs, the .ini,nilai .id\ iin and th*' sli mi la]». 

It uill lie iinlh'd tliat lie- d.ita -p.'itv tn> p<»inl on the rin\<< in 
particular TNNoani,d>s n.unelv H, and d ai. known ami tIn-ihsplacc- 
nn-nts coni-s|,ond.n^' to (Inin ha\r ti, h. Inimd iioni known relatioiih 
existin'' helw. oil tin ilispl n oju. nts ,ii < nt o|( m ixiiiinin opoinn^'. and at 
the dea<l point. Tin- oin' tiic.d pi.ihh n> In-n is ^iv< n lhi« e )»aial}el 
liiie-^ of indetinite leii^dh as (^}\ ii(\ Kijr -k!!, to diaw a cinde 
tonrliin^' one. o| such a ladnis that the txtMinitiis oj a clionl m it. 
hnlitetnlin^( an ait^di 0. at tin cinlio, i- a m sp. < on the leinainiit^; 

Iwo of tin thtec pai.dh Is 

• (^iiistiiK'tion, Kii; Tt - 

Draw a citclo .>( ain i.nhits. ,in<l s-t out two radii O 7 , OC, 
to c<in(atn lln‘ani;le 0^. Prodnci- tin- i-lioid tVy to 4akino so 
that d (.'y irpreseiils the lead, 7 ^ *' !**■' ‘"•itts the inaxtmimi opening 
In the fi^mie the inaxnnuin ojn mnj' is taken i-qua) to twice th<' 
le,id only, in‘mlei to him;' tlie point (} v-ithtn tin* limits of thi- 
Urdinaiily it wouM !«. (ioin 8 to 10 iiju's the h-ml Tioifll 
Q, Hr.iw (^P laii^''-nl to (In- cinle, and )oui P (o the centre*0 
and pnxhnv it to V (h is the zeio jii^sition of the cr.mk, and 
the Oiigle V '07 IS the .ingular .ulvahcc. 
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TJiroiigh the points q and G re8]x;ctiveiy, draw lines parallel to 
J^Q cutting Of in L and Then OP represents the eccentricity, 
LP the iiia'i’mum opening, and OL the steam lap, the scale being 
fixed by the given value of the iiiaxiuiiuu i)|)eiiing LP, 



rig. 49. 

Hence if Pt be dmwn at any angle to P\\ and Ps be set out equal to 
the given maximum opening, the parallels to q^r, niunely La and Ot, 
cut off a length ts giving the lap required, and the length Pt giving 
the eccentric radius i-cquired. The given lead is equal to ra. 

The disadvantage of this construction is that, when the maximum 
opening is a large multiple of the load, the point Q falls at an 
' inconvomenlly groat distance from q. ' 

The Hilgmra diagram. Art. 64, may bo used to solye this problem, 
and though not strictly a geometrical solution, it is a very good 
practical one. 
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The problem coneists in the drawing of .the Bilgnin* dingmiii, 
Fig. 43, having given the lead ys; the crank angle at cut off, and "the 
maximum opemng OM. The construction is aa follitas, Fig. 56 .— 
Set out the position of thi' crank at cut off, OC, ilraiv a curie 
with miliiiB OM eipial to the gneii iiia.\iinum o|iening, and draw 
fiy |)arallul to U F, at a distance fiom it eijii.il to the lead. Find bv 



trial the centre Q of a cm le uhn li mil touch 00, yy. and the circle 
OM. Thin (Jif la the sWani lap. The angle yt;F, = i = 
degrees, and OQ is ei|n.il to the eir, nine nulins. 

A way of solving this problem aii.ilytir.illy is given in Art T5, 

69. AilJiutmant of the Inequalitlei of diatributton by mean* 
of nnoquol lapi on the slid* valTO. C'oiiip.ii irig the lesnlta obtained 
for tbe two cycles in Art +8, it will lie seen that, owing to the shaiie 
of th* piston displacement curve, the corrcsiionding events of distri¬ 
bution take place at different ixirceiitagcs of the stroke in the two cycles. 
It will readily be seen, or can easily lie tested, that if lhc‘ piston curve 
were a tnie cosine curve corresponding to an inliiiiti'ly longcconnecting 
rod, this ineqiiaUty in the two cycles would not exist. In practice it is 
not possible to use connecting rods long enough in relation to their 
cranks to make the djifen'iiee between tbe true piston displacement 
curve and a cosine curve negligible, so that this inequality must always 
be reckoned with. 

It will be apparent from tbe valve diagram, Fig. 38, that if the 
steam lap line LL be rnovtsl slightly to the right or left of its position, 
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t.lH‘ cnf (ifV it can la* varied a lew per cent of th«* .--tKike, 

but Ihat Ihi-' e.inii'tf Ik* wiflinut at the haine tune rhail^^in^ tin* 
pcici nla^-’c id a(biii'*''jiin, and, uhat la‘more iinpnrtant, thn lead 
Siiiiii.iil\ a ini»\('iin’n( id lln* cxliaiist lap Ini'* KIC will cause a ehan^'’p id 
the c «mipii'ssiun h\ a Irw* per <‘ent, < han^un^ rln* lele.isi* jaunt, however, 
at the sanii’ fiine lU' uiiKinj,'' tin* i vhi^ii^t l.ip,*>, llieiefnre, iirieipu), 
it is jiMsstlile til .I'ljiwt lln I\ent id celll|ire>*siMn to eijlialllv in tile 
tW(> CM les Al'o lllo I M-nK id cut ell ill the two I \rlrs nia\ ho hlDll^hl. 
towaids ( himIiI \ hy niakuio llie st< am !aj>s uiieijual hut inasmuch as a 
ditVeieiiie of strain Ia(is mean*' a cniii*s|K»niiino ditVcionci* m the leads id’ 
the two c\c!es the illtleielMe hilWeeU the st. am l.ijis caUliot, be made 
u*iy ^rt.,it 

Appl\in_Lt this ill* tiled to the \alve di e^iam, Kiir :;.s tei lhead|Usl- 
ment of the I'DliijnrsMotl ot the Olllstinke c\cl(‘ to iijlialll\ with the 
compti'ssii.ii o| till- iiisiiiiki taki the jieini m at SM. «)n th<‘ 

ajiploptiale pe|<inta^0‘ sr ih*. jit.ipet this \eil|callv <’11 l<> llu' plstell 
ciiiM' ,it a, <iii<I pio)<c( a hoii/oiit.ilK «>n to lh<‘ \al\e dispkuement 
curve ohlaiiiiM^^ the jK»mf p The disiaiie*' pty is tin* i< ijiiiied exhaust 
laji, since it ’ Kpu sents the illsplacemeiif id the \al\e thiiii its ceiitia] 
position when <’omph>ssion is to tak** piai** Tins iinasiues 0 1 inch 
To tiud wliat ch,1111,0* has tak* ii pla<*e m the ]<*li,is<- in eons. *juene** id 
this adjusimeiit, di.iw ih*' \eiti<‘al /d cuttiiie the valve cuive in t 
Ihojec.tin^^ t hoii/oiilallv on to rln* pist-m eiii\eaMd (Inn veitnaliv on 
to till* iijijiiojii late |i* H enla_e** s. ale it will 1 m* IoiuhI I hat I he i**l( ase has 
lieeii eh.in_i;ed jiom !)4’, pei c*. nl <d lln* stioke (<* al»oni |iei cent 

Obvioiislv the lele.isi* points <oii|il h.tve In i*n a'l|us|< i| to . (jualitv ui 
the s.mn‘ wav .it tin* exjieiise id tin* com|u« ssion 

It will be loimd hum tin ihii>i,im tlnu it an iiltenijd. is made to 
bring the “cut otK ' to njiidilv it lit per cent in (he same \\a\, thi' 
lap imisi be <*han:;. il to 1 meh .ip[aoximatelv, «>bhteiating all the lead 
of the onlstloki* (mI. All that eall be done lln*leloie is to m.'lke 
the dilfeunce in tin < nt otK hss jirononneei) liy inlJiodneiiig ;us finch 
iiuspialitv in the ■'l' im Ups iis the leads will allow 

60 Oir the adjustment of the inequalities of distribution by 
means of a rocking lever, levins* of con(*h|)onding events, namely 
"admissmn” .nnl ‘cut otf," or ie|(*asi* and ci’inpiession, and in a jiar- 
ticular ciusi* .ill tin* tour <*venls. may be m.ide to i/ceiir at eipial fractions 
of the stioke in both evcles by the mtiodnction <d‘a rocking lever in the 
mannei shown in Kig The etVeeb ot the rocking li'fer is to dustorb 
the \alM‘ tbs[ilaeement curve slightK’ so (hat its ordinates have tho 
piojM.*! lengths to d**teuniiie the events at **(jual J^attmns of tlie stroke 
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ttjthout infnMliu'ing .m m«'qiiality in thr Tin- <*1 the 

curve 18 very little m the n<■I^^hh^uuho.•tl of (ho iii‘a‘1 jM)Hit.*> <il .tin- 
stroke HO that the leads of tin* two eyeh-s an- iint sensikH' <litV'‘r(*nt. 

The iiietliiKl of do'^ieniritj the lofkine Irvor to elVeet the iieeissniv 
distortion ot the <iis}>lae(*nifnt is Imlalive. The ^'<ur is tiI^( 

be de.M^ned in the usual wav to ^nve a slal<'i! distnhiilion of .slenni 
in one c}c)e Then tin* desi^rn <,} iJi, rncKiiiii lever (o adjust (In* 

ev(*nls oT the ollni <*\<*le, si\ adii!i‘"ion” and ‘eut off,” t<i the 
Hlatevl liactions i.t (he '•Hoke <h jiMid^ iipnM lln* fa<'1 (ha! “admission' 

and “cut od ofun when tin- \ live is at iln si . dMaiue tiom ils 

ceiitial jmsitn-n ili-m c so f.ii a-' (In- |t"sifi«iii ol tin- \al\o is conei ined, 
without liaviMi.'' M i^aid to i(s diieriion o| iijolion. (he valve sjiindh* er'‘ss- 
he:nl IS in o\ae(I\ tin- same )ios|iio)i el.iti'' t" lli- ti\'d fiaun-w'oik of 
the eiieiin .it the instants wlnii 'ithej o| tins- .vents -ir. nm (Si-»- 
Fi|; 10) Ihit the eeci-ntne s}|( .j\,- o<s ii|ii.'v r||ll< 1 . Ill am^ular jiositions 
in the two 1 .eo'.s In till oin las. tin t••{aMo]| o| tin 'lanK shall (HidK 
to nn'iease ihe divjil.iM nil lit <>{ iln valve, in ilie oilni it tends to 
(leeieiuse it The first si« |i in tin* design is lo |»loi (In- eeeentne sheavi 
eenfns ;ind p . Fn; "I m tin ito-.itions eorie'.jMunlinif to .nlimssion 
and eut oft loi sav lln jij''I loke • \ ( h , and ii'-in^ tln'si- jiomls .us eenhe.s, 


0 



fix the eorrespindinu'js-'ition /'of the i nd of (hi Mn-ntrie rxl by the 
interws'tion of two ai.^ eaeh dr.iwn vvith a radius ecjual to tin* length 
of the eocentnc rod Ih. tli.-s.inn foi tin* otlier e\r 1<.fixing the juiKitioii 
of tile end of the eei-fnine roil If n ns ker ih tnli'Mlin « d, wi sitamte<k 
and pro|wirtioned that, whiKt tin arm c'on|d(.-d to the ec<'r nine tihI Ht.indH 
rnidwav between the ^Hi-«ifions /’and (} the arm <*oupied to the valve toil 
us at right angles Ui the Inn- of strokt of tin* \al\e, the ailjimtment i8 
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atfcoinplinhi'd, providing that the trawl of fho valve, as determined by 
tho fatio of the Icn^tliH of* the anus of the rocker, is consistent with 
the Ht(5am lap. That is to my, when the arm coupled to the valve rod 
is in cither of tho j)oHitions correspoiidin^f ti> i' and Q, the valve must 
havo*a displaiM-uuait to ono or other side of its central position equal to 
tho steam laji. 

To illiHtrate this, take the d.ita of Art 4.^ and equalise the admission 
anil cut off lor both eu-lrs. The data deteTimne the lollo^\ing distn- 
Imtion ol .sle.iiij for the inslroke eylo:— 

Adinis^'ion ffltj pel (ent of the stroke. 

('lit. off' til 

Keleas<‘ „ 

('onipression 81-^ , . ,, 

The jirohlein is to <li sign a lockin'.^ lever which will distort the 
valve displaeenc'ut curve .so tliat adimssiou and cut off' tak(‘ place at 
ffffj and t)l per cent, respoctuely in eaeh cu*le, keeping the steam laps 
for both cycles 0 8 inch. 

(ly Set out tho crank m the tour positions roiresponding to 
tho given daU, as shown in Kig T)!, wlnue the lull lines refer to the 
positions lor the jnstroko <'\cle, and the dolled Inii's to the out- 
stroke c\ele. 

(2) Set out the corres^Kunlmg poviii.iiisof llie e(centiiesheavo 
by measuring the .mgular advance, 130 ih-giecs. m lioiil. ot eaeh 
cmnk position The points and jk indicalt* tho centres of the 
1 ‘ccentric hIumivo for the rcspeclne^ events of ailinission and cut off, 
iiLstroku cycle Similarly th<‘ points q, and fix the eccentric 
sheave centies Ibr aduussion and cut oft tor llu' oulstroko cycle. 

(3) With cenUes p, and pj re.spectivelv .ind radius equal to 
the length of the ecceiitiie rod, <usHumed toi the puiposes of this 
example to be 12 inches, although any nidius may be taken 
ncconling to circuinsUnco.s, strike arcs uilersecting in P, With 
contres q\,qi respectively an<l with tho same radius, strike urea 
intersecting in y. 

The endmf tin* arm of the rocker coupled to tln‘ eccentric rod must 
now move in the arc of a cii*cle jiassmg through tho points P and Q. 
Join PQ and draw the indefimlc line 00 bisecting PQ at right angles. 
Tho centre of the r«.>cking shaft may be taken anywlu'ro m this line. 
In the example it is chosen at Z so that the arm coupled to the 
eccentric iihI is 3^ inches long fVom Z draw a piTfietdiciilar to the 
line of motion of tho valve, this pc*fj)endicular is the centre line of the 
arm coupled to the valve rod. 
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Tlie travel of tho valve depends now u|K»n the mtio of the lengths of 
the two arms. In the figure the second arm is taken suci! a logglh 
that when tho arm coupled to tho eccentric nxl is either (sisition, 
F or Q, the horizontal distance bctwts'n the end of the second arm and 
its mid position is equal 0’8 inch, tin* stenui lap. 

* This adjustment cannot be made without dHlurbing the events of 
release and compreision in both cycles, but lu g<-iieial the\ an- bmught 
nearer to*equality by the introduction of tin* r<K*k<‘r 

The valve displacement curve after tb(‘ inlnKlia-fion of the rocker is 
shown in P'lg. 52. Th<‘ ilotUsi curve is thr displaeoiiieiit curve withonl 
the rocker, that is, it is ihe curve of the diagt.iin. Fig .‘i-S, uheie it is 
assumed that the motion of tho v.ilve is simpli' haniionie 

It will lx* noticefl from tlie v.ilvi' diagram that, although tim distorted 
<]is])lacement curve brings the events <»f tin- stiokc int<i bettm agreement, 
the iiiaxiimim displaeeiiu'nt of the v.dvo on either sale of the eentre line 
IS unequal, rt'sulting in iimspial niaximuni }>ori o|K‘nings. 

The aflvantago ot this method <if adjustment is that it may be madi' 
without sensibly inteifenng with the leads (»f tho respective evch-s. 

Release and eompresMoii in.iv bo ecpi.dined in asimilai way. The 
j)oint Fig 51, shows tin position of the end of the eccentric nal foi 
release and com|)ie.ssion at }t2J and K-tJ per cent of tlu* stnike re- 
bjK'clively for tiie iiislioke c)ch‘. N is tlie piwtnm of the end of the 
eeceiilne lod for lelease and l oinpn ssioii at the same res|K‘e(ive fractions 
of the stioki' for th<* oiitstroke cvele It the rocker arm moves in nn arc 
of a eiich* thioiigh the ]>ointH R and *S', the Mjualisati<»ii of releu-sc and 
compre.xsion is accomplisheil 

A iMirticiilar ca.si- ariMS uhiii time is no exhaust lap, Ix'Cnum* in 
this circiimstanci* the }>oinUs R and H merge into oiio point, V say. 
There will theiefoit* Iw oiiK fhre< points on the diagram, nuiiiely F, Q, 
and L', defining tlu' |»,4th ot llie end of tlie ii*clo r arm for equali.sation of 
all the events Tim eeiitie of the (iic)i- tliiough tfiew j)oint« fixes the 
cent^‘ of the r«K-kiiig shaft uniipieU, alihoiigh witli some data the 
diameter of th<* lurclc is Pki biiiall to eiiabli* a practicable rwker to be 
desigmsl with its axis at Ibis vmtie 

This methisl was fii'st used by Fiofesvir Swis t and inc^rpomtetl in 
the design of the Stniigbt Line Engine*, llu' first of which was designed 
as an exjienmenUl engine fm- Cornell UnuerHity 

61. Th« effect 6f a rocking lerer on the angular advancf 
of the eocen^lc sheave and on the steam admission. Angle 

* Proff«flor Thurston, BUihonuTy Hieam Engina, J. Wilejr Sfxl .Sons, Ke«r Vork, 1884. 
S«e ulso ftu urliole in ih« Awtruan A/u^Atnut for Marob 14, 1S89 bjr F. A. fioWy. 
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rig. 8S. Vaivb Diaodah anowiso the srpKCT of Jt Bockino Lkteb. 
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between centre line of main gear abd valve gear. «A imkiuK 
lever is MHiH’timvs hm’iI inoi't'ly lo tnu)s(<‘r the <»t lie* rud of llu* 

eccentric rod (o a \n\\i‘ rod m<Hni^ in a |Mialh‘l pl^ic, or to allor the 
dir<*cta»n of motion of the end of tho o<‘Ct*ntni’ rod m tho nuijo plane, or 
for Wh puiposes condmu'd. If tho aims of lh< rockor m fho fiiiit cjtst* 
an* on tho s.ime sido of tho i>»< sh.itt, as in Kn; 51 or if tlu* nn^d<‘ 
U'lwoon tho arms is l■(Jual to tho li<tnofn tlio twu dms (lonn ot 

inotMn in tho soo«>nd caso, no l•hanl,^■ is n. (t'Ks.ii\ m tho noi.il angular 
positi<»n of tho <-<‘<‘ontuo hluavo in lol.tlion to iho oi.ink. (H otnuv in 
ojthor oiuso tlionn^le l>ot\so<*n tlu* aims of tin ii*(*kt‘r may ho ;uljiislod 
slifjhtly lor tho pin|K)si's of (ho last AmuIo It flu anus of tlu* nwki'i 
an* pl.iood on opposno sides, ej tlie f(ijti.il sliaii (be disiriliiifjitn of 
.stoam is dial ihu to an imi;;inai\ oo.Mniiio kt\>'l '■\a- tl\ opposito to 
tho aclual ((<oiif 11 <* Jl flu* inokim; lovir in hit,'' 51,foi oxamplo, had 

Ix'on mado null flu* aims ..pposiioK ji] u od, as iiidu alod h\ tlio dotted 
end tho <lis(nl.iil uiit unidd he dial dm to an mia^iiiai \ vn i iil i ir* slu'avo 
ko\od 50 doojecs l-ehind tlu* ( i ink Mat such an > ( cent tic -hoavo can¬ 
not oHti*l a piopei dishduilioii nnlosH the stoam is admittod thi tin* 
iiisido of tho val\<‘, .si‘<* Kil^s :;}• and .‘15 Hdico this chan;,n‘ in tlio 
anns hisoIm s a ( banoi tioin oiilsnl.' to insido steam ailmissinii 

Tt outside sjt .nil .mIiiiIs'-iom is to lio }< 1.11 Hod alollj.^ With lllo IlSe of Jl 
ro<'k<'i'u iih op|u.vii, I\ p)i<((i unis du <'M*en(nc shoa\<‘ must, ho ko\(d 

on tho shall in sii* ii .i p.isiiion thal ilio im.i^nnan oumtiic. .shi*a\o 
stands at tio- |iioj,< i aiiL>ul ii a<!\.<iioo m tiont ol i ho i-r.iiik to dolorimno 
tho sti.uii disinlailioii with nuisub* admi'S|,in Ki^s .‘12 and 3.1 may 
ho takoii to lepiesr III fho o, ih lal aijoidai ]»osiiions of the imapnary 
occontnc shiavos wliuh (hlJ imino tlu* disiuhiiiioii, aiicl thi^rofore dio 
nctnni slu a\o must In koK'd on at i\a'll\ IM)<]o^aoosfjom the positions 
given If, foi o\aniplo, du' n.i kor of I'lg 51 jiad had opjjositoiy ]»lm.‘od 
jiinis, tho af tual < i • ( nine would ha\i* an atjoi.i <■ jag of 50 d<*gi<‘os 

In goni*ral, it a lockoi is ml hidiu i d w i(h ai ms on tho samo hhIo of 
tho c^'iitro, th(* gi noi.d occcnitu shi*a\i posn ii.n for a s(‘if..i| direction of 
rovolutum and stoam admls•^lon m t-j ho eliosen fiom flic Kigs .‘12 ami 3.5, 
If a T's'kor IS introilueod widi arms on «ipp..siti' sjdes of iho ci'iitm, the 
aetu.al jM>sition ot tlu* • < cenlriu sh« ii\<- lor .i stah'd (liio< ti'm <d*rondiitirm 
and stateil stf'am lulmissioii will ho e\a<*tly opjiosito the positions given 
in Kigs 32 to 35. 

Somelime.s the centre liiu* of dio valve gear is plaf**«] at an angle 
with the centn* line of*tho main gear for consJ!iu.li\o c..n\omence If! 
Mich caM'vS, if tliere m no r«M,kiiig shaft inter|s*H« d liotv.oi n the occenlric 
ftkI and the \alve, imagine tin* iw«) centre lines hrougiil into etdiujideiicc 
by a turning motion about their common mtoruection in tho omnk axle, 
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and deal yith the dmign of Iho gear or its examination by the metiiods 
given, remembering that the angular advance now used is the actual 
angle'betweeii the mam crank and ecoentric*diminiBhod or increased by 
the angle bet«euii the centre lines. 


62. The design of the steam ports and passages. The mini¬ 
mum area of the steam jiassages is usually adjusted so that fhe steam 


shall have an average velocity of from 4000 to 6000 feet per minute, 
though 111 special cases the greater of these figures is exceeded, and in 
other cases the smaller figure is not reached. 

Neglecting the steniii shut ill the cylinder at coinfiression, the I 
of steam a Inch has to be pushed out of the eyliiider by the piston alter 
the first rush ol steam diiiiiig the drop of pressure from the exhaust to 
the back pressure and the dead point has been turned is practically 
eipial to the elfectue volume of I,he cyliriih'r itself. 


1 , aiiu lu 


lait A be the area of the cybiidei in sipiare iiiches, V the average 
piston speed ui feet per minute, v the average veloeity of the steam 
through across section of the steam passage whose area is a sipiare inches. 

Then the cubic feet of steam pushed through I he exhaust pas.sage per 
minute is IM/144 cubic feet and negleeliiig the elteet of changes of 
tcuiperature and changes in thediyness ot tho steam, this ipiantit) iiiiist 
bo eijiial to I'd, 144, hence 

= m. (I), 


so that 



( 2 ). 


The area of the steam passage is thus a fraction of the iiie.i of the 
cylinder, the value of which depends upon the piston speed. 

With a piston speed of liOO feet per minute, the area of the steam 
pnasage iiiiist be 1 '10 of the cylinder area, if the steam is to have a mean 
vehasty of 6000 It, per iiuiuilo, and about 1/7 if the liiiating velocity is 
4000 ft. per minute. 

With slide valves the area of the ininmiiim cross .section is commonly 
the area ol the steam port at the eiitiy to the cylinder. The passage 
itself IS usually somuwhat greater in cro-sa section than the miminum 
determined fixini crpiation (2). 

The width of the steam port is small in order to keep tho travel as 
small ns possible. The cylinder can be suitably designed if the length 
of the port is made about from 0 6 to O il times the cylinder diameter. 
Calling the length of the port d, the width is a/d square inches. 
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The opening hr ateam ia uaualiy made about } the full width of thu 
port, 80 that the ateam opening ina^’ be written 


8a 

id 




( 8 )* 


• With piston vhIvos thb ininiiuum uri'a of lh«; stoani ]Kisivig<‘ 
not usually occur at the port outry but in tho jxissii^c. If the nett 
circumferential width of tho piston vaUc lx* takm iw tlio lon^^lh uf tho 
port, d, it will gt nendly be found groator than tho cjlmdor diameter. 
Hence in calculating tho vi'hK'ity f»f tho stoam in tiu' caMs of piston 
‘valves it must bo leinoiulH'i'i'd that the vohicity through the |Nishago is 
greater than through the jx»rLs of the liner 
The value obtained from (•-!) is the maximum opening for sU'um. 
Fixing now the lead, the cut off, and I Ik* eompiesMoii. th.- iq^phtpiiafii* 
\alve dmgimn yields the outside tap. the tia\c], and I Ik- mside lap 
The two latter (juantities aie Ksjunod for tho ilesigu of tlio width of 
th<‘ exhaust {xirt. 

The Hteam escaping through the stt'ani j>.iHsage8 from the cylinder is 
guided by the insule ot tin* sluh* \al\e into thu exhaust jKihsigu through 
th<‘ exhaust poit 

As tho valve slides to and tro over (he pulls, the inner edge, A, 
regulating the release and compression, fu- sav the iiustroke cycle, moves 
alU'matcJy t/owanls and away from the im le remote edge, B, of the 
exhaust [M>rt. When the e<ige .1 has uiovod jus tar as it can go towanLs 
the edge B, of the exhaust port, the* an a for Ihe p.issige of the exhaugi 
steam is a mminmm When designing the width of the exliaust port, 
rare must be tak<‘U that this miiinnum width is not less than iho width 
of the steam jMirt. INually it is made omsKlei.ddy l.iigcr 
Ijct p be the width of tho sti.am port. 

6 the width of the budge wjunUing 'he uteain jHirt from the 
exhaust port, 

th<‘ width of the exhaust port, 

* • / the inside Up of the valve, 

t the travel of the valve. 


Then when the slide valve is m lU inid {Kvsition, the edge A ii* distant 
(*+6 -1) inches from B. The greatest inoveDient that tho cvlgo A can 
make towards B is half the travel, t/2. Then the minimum exhaust area is 
^ (a + 6-/)-t/2=p9, 

where ^ is a number which sUmld not be less th.m unity. If q »• 
minimum widtlh is e<pial to the width of the steam poit. Solving ftu*« 
we have 




•( 4 >. 
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No <lif?i(‘ulty will be fuuiiO in arranging these formulae for inside 
adin;««Nion 

63 Valve setting. Thi- hfial adjustment of the \alve gear to 
bnng flM‘ centie of nMNllifion of tin* v.live,into its correct position 
relati\<‘lj' to thi* junts n ifclmirallv known as valve.sotting. A reference 
t(* the valve ili.igiaiii wjil nj.iki- the (il)j<‘o| of the piocoss clear iSupjHujo 
the valve displiieoim iit < iiive (n lie <liav\li on a sepaiati* sheet (if tiacilig 
p.'ijier, vvliiNt th'* piston ilispl.u'eiiieiit cuive and the steam and exhaust 
l.ip lim*"* aie di.iwn on a slii'ct ot di.ivving pa[M r as described in Art at). 
Then the placing «)f the tracing ol ihc vcilK.d axis (d the valve dis- 
]>laccinciit cuive in((t conn idciK e v\iih the axis «if the piston ( um* is 
(•(jinvaleiit to the setting ot the valve so that its centre ot oscdlatioii 
IS in the [iiopei position with isgaid to th*' poits Jf the (ladiiglie 
inovi d a slight dis(,inie lateiallv, thus llnowing the veitieal axes out of 
eoiiiej<leii(it will lx* found lit.it the <|ii.intit\ most Miisitive to the 
disimliaiieos i>. the h.ul Hence the method llsi d m the Wnikshop to 
Bet the valve is to adpisl ||h‘ Imigtli of the valve spindh', ol valve nul. 
until the valve has sl.iled le.ids hu each c\cle 

To pcifmni the .idjiistinent, set the ci.ink .it a de.ul point position 
by tile iiK'lliod ot .\it 47, or la a iiieth«Ml similar in piirieiple, tlien 
adjust, tile length ol tin* v.ilve spindle until the h .el at the strain |M*rt, 
coiiespondmg with the de.id <•> ntie position ot the ci.ink, ha.s a specified 
value. Now placr' tie et.ink m the otliei de.id jioint position and 
rneasUK* tlie leai) o| the v.ilve at (he eoji. sp<ni(lmg ]»)il It should be 
etpial to the leail sp. cilied toi (h.ii p-uf 4'he .idpistmimt is to bi* retrit'd 
until tile specihed le.ids .Me obi.Miied, altliougb it should not bo for¬ 
gotten that the valve spmrlle will lengthen slightly when working in the 
hot sti'am, theiehy mtiodui tug a .slight eh-ingf* m lie' leads, and this 
should bo allowed tor in the Betting It U is found altei repe.ated 
tiials that. e'|U;d leads ol (he specified .imounts c.innot bo obtaiiH'd, 
it is piobalile that tin* ecerntiie shiav(* h.is not be(‘u plawl oE^ the 
cimik shall at the piojiei .ingtilai advance. This jx/int .should bo 
studied by moving (In' tiaeingot (be valve dispUmnent cuive,vertically, 
ov'ei the di'^iwing betie.itli it, since a vertical moveiin'iit alvvavs corre- 
Bponds to a ch.ingo in the angular advance. An adjustment of the 
eccentric sheave on the shall will genemlly enable the valve to beset 
with the speedied le.vds. An error in the occentiicity of the sheave will 
Sflso disturb tht* lead to uii extent winch can oiisi'ly Ihi studied from the 
vaVv ■ diagi.mi. 

The lead may be obsiTved. and dii’cclly mca.sur(.‘d, if the valve chest 
covore are off and the valve is designed *for onUsidc adpiissiou, or the 
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l(^ad may l)*‘obtained from the marking ofthe valvospindle(^expluincd 
in Art 19. 

Qencmily the leads are iMjiial but in the case >\Aiero the la'fis an' 
mljusUjd to securo <‘<pjulity of cut off, lh<‘ le.wlb aro niM'esfvirily uiu'ipwl, 
^but eaeh has a 

Another way of measuring tir ol>s(*r\nig tin* h-.nl is (o <!raw’out a 
.se<'tion of the peits ainl tlie \.il\e n“''[M‘elivel\ mi ts\o pieees ul Intarcl, 
and bolt the om* to (h<' cvlmder et»\»‘t cjr in tael to anypait of tho 
fminework, and tin; othei to the \al\e spunlle, arnmging them m huch 
a way that the hoanl ie|ni‘M‘iitiiig tin- \alve nlnles with ils edge against 
the Inianl reja^'H liting the ports ll tin* hoanls aie .i)so fi\etl so that 
th«‘tlistaiiec fr<»m tin i-i-nlietif the actiial exhaust jMut fi» tin* eimtre of 
the exhaust poll o( the ill.iwillg oil the 1>o;tid IH e\aell\ ((jUal to tho 
distaiK'e JioiM the e<-nln' «if the slide \alve tt> llie ei-ntic ot the diawing 
ot the slnle \.il\e, the <li.iwing oil th<' lnMid will always oi-capy the 
R.mn' rel,ifi\(‘ position to tin- diawing <*f tin- ports dial tin- aelu.d \nKo 
meiipies witli ll t« teiie*- to the a* Inal p*uls. Tin \al\e m.iv ihercd’ore lat 
set hy ohsmv.itioiis made on the hoai<ls Tins method is e<jually aji- 
plical'Ie to in-'ide stc.im admission and oul-'ule steam admission The 
ev<-nls of t In- s(jok>- ma\ aKo he leadily fi»llt'Wed on tin- hounds, and tho 
]M i(-eniage ol the siioko at w)in-h the dilfereiit <-\ent.s lake place may lx* 
loiirni l)\ (-omhinnig dn ol)s< nations (,iken tiom tJiu hoards wUli a piT* 
eeutag* -st.ilL maikid oil <in lln "lido haijj. 



CHAPTER V. 


INDEI’EN'DKNT (’OT Ol'E (JEARS. 

64 The aeparate cut off valve. The examples alieady con- 
sKleri'd in ccinnectinn with the himplc oeceiitrie jri'iir have, iiiilioated that 
an early cut off H necessarily aeeoiniianieil with early release and early 
compression With high piston speed.s, such for exanipte as those used 
in loeoinolnes, early release and coiiipiession Is'come an advantageous 
feattire in the distiibution Loeoniotives running at high speed com¬ 
monly cut off jis eailyas dl) i>er cent, of the stroke with release and 
coniprcs.sion oceiiriing in the region of .'>!) [st cent of the. stroke Many 
examples ot this will be funnd in the chapter on Reversing Motions. 
Blit with the low piston speeds usual in factory engines the ease is 
altogether dilieieiit Here the pie.ssnie drops to the hack pressure at 
release, whilst the piston moves through a very small fraction of its 
stroke, coiisispii'iitly so lar as the nett wink done on the piston is con¬ 
cerned the stroke is ended at lelease. If, fa e.vample, n'leasi' takes 
place at 40 per cent from the end of the stroke, the stroke is virtually 
shortened hy that amuiint. This, combined with the necessarily accom¬ 
panying early compiession, results in a very ntteiiiiated'indieator card. 

To gam the ad\ant,iges resulting from an eaily cut off and yet at 
the same time to avoid any prejudicial iiitei ference with the release and 
compreasion, a separati’ cut off valve is employed. , 

In the UiMeiibacIi* design fir this purpose, the steam chest is divided 
into two [larts hy means of a |Kirtit.ion parallel to the fiicc of tho steam 
ports leading to the cylinder. There arc thus two steam chests, an 
upper and a lower. The steam pijie ojioiia into the upper steam chest. 
Steam jsirts are formed in the partition, their general disposition being 
parallel with the steam ports of the cylinder in the lower steam chest. 
A slide valvo without any exhaust cavity is worked across the ports of 
tha 'partition by an independent valve gear, thus admitting and cutting 
off steam to the lower steam chest. A slide valve of the ordinary type 
* Bee S^eutifr'i TreaUn oh Valve Gear$> 
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wnfa in U>e )o»«r chest distributing steam tn the cylinder in t|)e ordinary 
waf. It is designed so that steam is cut off late in the struke, say 75 
per cent, and providing the lower chest wen> contin.<uiisly filled with 
steam, the engine would always work with 75 per cent, cut oflP. 

, The valve working across the ports in the partition may however be 
set to cut off the supply of steam to the lower chest at an earlier fiuetkin 
of the stroke, m which ease no steam can get through the steam port 
opened by the main slide valie to the cylinder afU-r thi.s cut off has 
taken place. In this w.iy cut off is detormiued by the jsirtition valve, 
whilst admission, relea.se, and eom|iressiori, are determined by the main 
shdo valve. The cut oil' ]Himt iMimot he leiy sharply defimsl with this 
arrangement, becaiisi’ fheio i.s a eonsideiahle ipiarililv of steam in the 
lower chest alter steam hius hei n cut off at (he pailition, and this of 
course find.s its «m) into the cyhiidiT thiough thi> mam valve. The 
partition \ahe or" sopamto nil off i.dvi',” as it is called, is imiotically a 
stop vahe woiki d hy .iii mde|u'udoiii. i.dve gi ar 

In the design patented hy I’asmaii in 1MK5, the pvrtilion is not 
continuous through tho stoam cliest, hut forms a kind of tixod bridge 
through which sleain pjrUs are cut. The steam chest is thendore not 
divided into two se|«rale p,irta, and to prevent steam getting through 
the mam valve il is earned up .so that its up|H*r surface slides in contact 
with the lower siiitaee of the hiiilge. ends heing addisl to the valve, 
thereby forming jsirt.s or p.a.s.s.iges in the mam v.dve throiigli which the 
steam, eoming through the budge ports, is hsi to the distributing 
edges of the main lahe. This cli.mge nslui'es (he elcarance inseparable 
fivini the Ciozenliach design, and at tin same time Imlaiiees the main 
valve. The mam valve is enmiar in getiend design to the valve 
illustratisl in Fig .53 

In the iiniyoiity of the designs, when* a separate ent off valve works 
in combination with a mam distrihnting valve, the partition is done 
away with altogether and the eiit off valvi' sliih s on the top of the main 
yalvi^itaelf, the design of the main v.vive Is iiig suitably tniKlified for 
this purpose. The simplest design, so far as the valves aie esmeemed, is 
the case where the cut off valve is simply a plate moved to and fro over 
a main valve in which ste.am paasages are formed 

Let V, Fig. .53, be an ordinary slide valve arranged to give a 
suitable release, conipre.ssion and admission with a cut off of say 76 per 
cent, of the struke. Add to the ends of the valve the portions indicated. 
The steam edges of tCe main valve, namely a and 6, now become thi 
inner and lowir edges of the respective steam ways through the vafve 
which ate formed by the additions to the ends 

If a plate F, be placed ou the back of the main valve (shown 
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lilted np IJ distance ub in Kig 50) and if it be worked by a Ke|)arate 
ern'iiLnc gi.ir^ii III fie cun-'idcriition w'lll make it clear that the coinbineil 
motion of the inaiii \aKt; and the plaU; wiH result m cutting off the 
steam suppiv tn ihe ji.issagis tlnough the main valve at some definite 
fmctum of the stroke, l>y piopeily ]Unpt)itiuMing the si/e of the plato^ 
and I he tiavi K '»| the le'.pt eiivc ccri'ni i les and their angular advances, 
this lilt olf e.tn he ?ii.ide l-j lake pLo'e at*aiiy stated fiaetion of tho 
stroke lulvveeii /elo and the cut ott delennimd ]»y the iiiani valve, 
without ahv inter tiueJK'e ujlh ihe othei I'Veiits of the stroke 



From wh.il has aln adv Ik . n done with ii i^.iid to flio sriujde oe<'ontiu‘ 
gearit\'ill Ik ( |e,\t that it the cut otV is t" he siiMopirhle ot vaii.ition, 
the ( ul oil valve must he s.) aitaiigi d ih.il. eilh' r 
(!) Its (ravel can he alteieil,, 

(2) the aiigulai ,id\.un i-of iis oceoritrle mav hevaiud 
(II) Its lap eari he alt-nd lelativtly to the po*is in the mam 
valve ^ 

In some d«'siir,is tlu' \.d\e gtar is uiranged (o alter the tnivel and 
the angular a<lvanee .sirnulramsuisK 

Fig 5d Miows the piiiieijrh' of till' mi.uigemi'nl i>f a gear where the 
cut otV valve IS a |>late aii«l the cut olf is vaued by varving tho travel 

65. The Meyer gear, Tnivel Varwlle Lap In this 

itiTivngemenb, the travel of the valve is kc'pt constant and tho lap of the 
cuVoft' valve is varied That this may Ix' doru'. the phibo«is divided into 
tvvoiMutscomusitcd by a hit- and nglit-hi^ndisl scicw, the screw forming 
in fact the valve spindle. The valve spindle is comioctotLto the eccentnc 
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gpar outside in such a ninDncr that it ni.ly bo turntni relutyfcly to the 
valve rod operated by the eccentric rml. 

Fig. 54 shows an actual aiTang(*in< ijt V j« the iiif in valve, which js 
connected by its valve .spin<llu L lo a snnpl»' <‘ec«'iilric val\e gear, and 

K, are the two •^ejMmte parts uf the cut nfl \al\e connected by the 
left- and right-handed scrow K This sciow ean In* (uinod tnan outside 
bv the hand whoel H', and it is j<inniTP‘«l to the valve i«m 1 of a snnplu 
eccentric gear by a joint winch allow'< the in <. ss,ny fm dinn <»! lotation, 
The whe(‘l ir IS c.mnsl on a slot \c hold in a livd iMaiing. and tin' end 
of K, s<juared, jia'^sos tliriaigh iln’ sh-ove Tlni'* A can bo 1 uiin tl ul the 
same time that it is free to inove ti* and tio thiough tlio sleove. The 
projecting head of the *'loo\c i*, sciowod an<! it camov mi index nut/, 
W'hich berxo.s to indio.ilo how lar the b)o( ks aio soparatisl Associated 
with 7 is a sjmIc wliioh I'' U'-^iially giadiMti d s.i th.it tin <'ul. otVcorn'' 
sponding to an\ angular posiiMu <»f tin- may bo loiid otb Tlie 

cut oft edgos oi tho m.nn \.iK« .ue at « and N i« "jM otuoly, an<l the cut 
oft'edge's ot tho cut oil \.d\e'uro at t and T Tie-rut oft’\ai\«'mdiawn 
Kig in Its Ci iiliil jn»Mtntn with i<g.u»l to tin' mam valve-, and it 
will he iieetie e-il tliat tin ports slainl ei|)« n on r.n-h Meh* by tho annaint 1. 
Thisquantitv i-^ the- iiegalivo lajj oi tin- \aKe' It tin- wlie-e-1 js tunn-d 
so that the' bleK'ks are- M-jiai.ll'il suftnie nlly (>» just cleise* tin* |»oits em 
eae'h snle- ot it, it has ne^ lap. ainl if li\ a tmlbe-r ''e-paialion it eeveilajis 
the p>rts, the aine*nnt e)t oveilajt l^ .us m tho (.ase.* ot the* .simple* slnle* 
vahe, the* posinvo Lip 

Cut e»ft t.lkes pi.lee* whe*Il tin o\j*ans|oll valve IS Ilf .1 elistaiiee* 
fiom the es'iitn lef tin* m.un \aK*' e ijual to tin* lap This elistane e* may 
Ih! fmmd in teams <it (he* e*i.mk angle* by ph>ttmg (In* elisplae'eiin n( cune* 
ot the mam and tin* <lisplae * im nt. m ve* the o\j»ansion \alvo on 
the'sune e-iank b.uM'. 1>) adilmg the eli^pkn e.'no-nt curve'ot tin* pisteai 
cut eetf may 1m* foiinel in te*rnis ot (he* stie.ko Sun-e* the* e*\pan^mn valve 
has no etfect e»n the* Icael it ma) be mado with une*<pial lajH without 
inter^Ting witli tlnj h ael, so th.it cut eift may be* adjusted lee take* place? 
at e'epial fmctions of the' twe» sirejkes without eJiHiculty, f«>r eaio atated 
cut tiff 

Tho way to cxainiin' the- elistributnen of Mt‘'am e*fte cte*el iiy ge*urM of 
this tyjK“ will be uinlerstemil by working the* following problem. 

Example. The e'ccentnc ge-am of an eiigini*, fitted with tho Meyer 
combination of main ami cut off valve'.s, have the following drmeUbiuiiB.^ 

Mam gear.* tk'centncity of sheave. 1 5 inches 

Angular aelvancc of abcave, 130 de grc'S. 
ytciun hqi, 0 H meh. 
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Expahtion gear. Eccentrir.ily of Hht'afe, 1*5 inches. ^ 

Angular advance, 180 degrees 

Find the lap of tlio t.\pjiii.Mon valv** .so that cut off may take phice 
at 20 per cent of lM)th strokr-.s. 

^ The firht step i.H to draw the x.ilvi* di.igr.nn for the main ^ftlvo in the 
way already e\[>Iain<-d in Ait 4H Tins is shoun in Fig o!}, fitmi which 
it will be seen that tlie dislrilmtinn rrtoeii-d In' tho main \alvo is:-— 


L.-ad 
Cut off 
Hi-Iea.se 
(’■unpression 


Inritrtiki' 

0 17 ' 

(il |M-r cent. 
02 J piT ci-nt 
84 i per ci'ii! 


OiiutrokA 

017" 

(pOJ per cent. 
02] pel cent 
84] pi'i Cent 


It will he oh,s«T\ed fnun th*' iliugiam that, tin- cDiopiessHui has b(‘on 
(‘^pmlisi-il by using ditlenuit exhaust laps 

Ni-.xt, adil to tli<‘ (liagniin the ilisp!,i(>riiient eur\i- thi tin’(‘xpniiBiou 
vaUe, using Ou- data above Tin- onlinal«'s ti> tins euive iej»re.sent the 
displacement of the expansion \id\e tioio the centre of its trn\<‘! 

In onliT to 8ol\<‘ the pr<ihleiii the <lis(.inci' of th<* I'xjiansion XTilve 
from th«' i'i'iitri' of the main \al\e must be known when the jnston UB 
at 20 ]M.‘r cent ipf its simki* 

(’<insidi-i tin- insti'ike first Kioin 2(t j»er cent oii tin- instiokc ucale 
at th<‘ top of the (ii.igiaiii ili.iw a \i-iIhm1 1iii'‘ to cut thi- pisti»n curve, 
and then a hue at right aiigh-s to cut. the dispUceinetit cunesin the 
[M>iiits a and h, and tin- axis of tin- diagi.nn in c. 

TIn-n, wlnii tin- pMon is at 20 p^-i eeiif of tin- insfroke, tile main 
vaUe IS the distaine th fioiii i(s central ptisiiion, and the exjuuision 
\al\e the disUnci- ca fioiii its central jfpsilioii The distance of the ex¬ 
pansion \.d\e fioiii the Ci-nlre oj tin- mam \aKe is thei'etoie 
cb — C(i — i(!> 

This distance therefore* n-presi iits the n-qiiin'd I.ip of the expansion 
vaK^ with !es|M*et to the js>rta of tin* main vafve Hut i.s it to b(* 
negative or posiino lap ^ 

This matU-r is w.‘ttl.d by observing whefluT the disjdaceinc'tit of the 
ox(>ftnstoii valve from tfic axis of the diagniui is gn*itter or leas than the 
dbiplaeeinent of the main valve. 

When th(5 displacement of the expansion valve is less than the cor¬ 
responding displacement of the main valve, the I.vp m negative; when 
greater, |to.sitivc. • 

ITie distance ah on the diagram mo.^sun*s 008 inch, and, so (kr as 
the iostroke is concerned, this must be the negati ve lap of the e\[}ttiision 
valve. 
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OmsukT tho onNtroko. rMyi'i’tinj;. in ■'iinil.ii \\.i\ <ha{ just 
(ii'HJ'nbed, fr<ui» tht* 20 on tho laitstioko m.iIo, tho mioici'pl Uotwwn tin* 
two val\e (Ij.spl.icciiji-nf oitvc*; mcasinos (),')2 inch 

If thiTt'fuc tin* Icnt^lh <»| ihc \al\i‘ spiwllo is inlin''lc(I, ninl fhi' 
^blocks set Ihc ]iiu|n r tiiy.uicc lli.it ihc vaKo has 

those ros[H'Ctl\l* IlC^MllNC l.lji-*. cut nrt Will l.lkc .!( c\act|\ 20 JX'f 

c<‘nl of tin* stiukc I'M ]>oth sii-ik*'. whilst the I,.i<K ii'in.un t<jual at 
0 17 inch. an<l ich .im- .uul chiu|) 1 i sv|,.ii i« l.un (hr \.ilucs stated alMJVo 
Tlio juoblem iiM\ iMw oli\|.>iis]y 111 * e\i. luleil fo fm<l iIh* lijks Ibr a 
MTies of stall d \.ilm's ii{ llte i ut otl In (ui I II /■ lo aiii] llie cut otV of tlio 
main \ai\e The pinji clm;^ lines (inin lOtofiOjMi lent inciejLsiMj,^ bv 

mienals of JO pn u nt , aie <1muii in t he ti^me Jni Imih ihe jii- ami the 
Olltstinke I \i |. S and llte \ab|e o| ihe int< ICI pfs betwei II ihe two Clines 

hiaikid in 'I fill', le I Ilf uO al Ml jM-r '<ni <il the simke Ibr both 

Sf l'*k. s file in ea! 1 \| I Ip jul I he lli-l t.<ke i \ < le liillsl In I OS im heS, all'l 

Jill* tin o'lKIliiki I\ih d’he iliff. li nee bet\M I II flic laps for 

20 pel Mill < III otl is oil) Jiieli d lie dltleielice fui 40 pi | cent is 

0 Id inetl 


Till cut 

"ll \ d\e ran "ll'v Im 

- 1 Im 

i>it-- liilb n nee lietween 

llie laps !)■ 

1 lU'i w In M niK e ihe dilh :< le .• is i' 

■'lablisheil 1)\ adjusltn^ 

(lie \al\e s 

pindle to the piopi 1 ]< 

iielii, the tiiiiiJii^' ol the wjieel IK 

liiaii^'cs ill' 

' l.lp .0 e.M ll -u\i |,\ 1 

ijti.il anioun: 

Is 

Thus, .liter the dl I:,;! iril ll..s 1(. . 

II di.i'AO. Ill' 

' difl’i lein I's of tin- laps* 

iiiiisI ill- until 11 d'i'AO and n th i 

> pll 11 ( iilat ( 

lllleleiuv ( llosoM wllloh 

gi\i s the b« 

‘s( d ll suit 



Taking til' ditti i> In s .>1 ihr flit 

uh s HI nisi d 

'*n llie \al\«- ill igiani, 


T'.l IM.t 

ll." .. Mfl,, 

> 0-1 .'I.'I to 


Lilt (iff 

t lU ill ■ I '1 

1 - flit oil 


10 pi 1 (, nt 

0 Id 

III! !i. 


2'l , 

ll III 


• 

do . 

0 III 

,, 


40 , 

(1 i.'i 

,, 


'>(t . 

IIO'J 



bo 

IM).') 

- 

If tho \ 

a]\o spindh- is :i Ipisli i 

i f*ir II liitlii 

• nco of 0 Ifi inch, cut 

off will Iw* 

o\,u tly eipialm d over 

the rnn;(e from 20 to dO |Kjr cent.; 

MTV neai)) 

etitiallsi (1 o\i‘i the w hoi 

e laii^O' (loin 

10 to 40 per ci-nt., antf 

there Will l>i 

1 ' siMivll enois over the r.iU'U' fioin 40 to 00 ].er < ent * * 

Kn^ines jirovided with this kind 

1 ol ^o ar < tn 

tllelel.tie bi bvt to givC 

uiuiuat jKirfect indicator canla o\er 

a laige lan^ 

:e of expansion, the cut 
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off being equalis ed hy tho exi^mHiou valve, and the compression and 
release by th(' main valve. 

At the [Kunt* k on the valve diagram, whete the two displacement 
curves cut one another, the expansion \alvu is in its central position 
with rt'gard to the mam \al\e, and if the expansion valve has no lap, 
cut off will taki' pliiee. For legions above this point it will be seen that* 
the expansion \al\e is a( a gieaU*! distance Itom the axis of the diagram 
than the main \alve, and theiefnie it cut off’is rerjuirod to take place at 
the excessively <‘ail) fiactions of the Htr<»ki- to which the horizontals 
crossing this icgion c<irresj)ond, the expansion valve* must have positive 
lap The same lemark.s apply, of <‘onrse, to the region incluiled between 
the liori/oiiUls thmugh and ihe point 12 on the vertical axis 

When eonsideimg the gem-ral di*sign of the g<‘ar it will be found 
convenient ttj diaw the disj>l.ieement (‘urve thi th«‘ expansion valve on 
tmeing paper It may then be pinned ovei the valve iliagiam tor the 
mam valve with any iVHpnnsl angulai advance, and the effect of varying 
this can bt* studied. 

('aic must be taken when di-signmg the valv<-s to see that, when tin* 
blocks are s«*purated to the gio.Uest distance, (he polls m the mam ^alve 
are not opened by the nisule edges of the blocks Tho blocks shoulil 
lx* whle miough to juevent tlu*ir miiei odi>os liom eviT appro.iching 
near enough to the inner ejges of tin* jmits to allow st<*.UM to leak 
through. 

The mimmtun overlap of tin* bloek^ on the* niMde can be dotennined 
with the aid of the diagiam for a givt'u g*'ar in (he following w'ay 
Adjust the cut otV blocks to the maximum distaiiee apart, ami phico 
them in their cs'iitial jioMtion with legard to the mam valve. Ivot the 
overlap on the msnle m this posniuii be denole»i by u. Then when the 
valves aie moving, tins ovj ilap isToiitmually inciejusmg and decreasing 
as the cut off blocks move abfuit then cenlial position with regaid to 
the mam valve The giealest dimmutuui of a is eipial to the greatest 
displacement of the cut off vulvo fiom its ccnti.d |)ositiou with regard 
to the mam valve, and this distance can be <‘;usily inoftsnred fnun the 
diagram Call it z. Then the miinnmin oveilap on the inside is u ~ r, 
and the maximum overlaj) is ni- z. ^ 

It will lx* found by measurement that tlie greatest horizont-al dis¬ 
tance between the two displacement curves, Fig. 65, which is, of course, 
the gix'atost displacement of the cut off valve relatively to the main 
valve, is 1 26 indies at the two jvo&itions IcttAtd a*i, x, and ar,, on 
the diagram. Uence when u is measured, the iiuniinum overlap is 
(tt- 1 26) inches. 

When designing the valves the overlap u, in the ceptral position, has 
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tft bo found for a niinitnuin value. Tluif smip^sr tlK^minmuiiii 
overlap iH to bo 0 75 iucIl Then. 

;i4=a-12(;. 

from whic*h wsb 2 ineliev, 

^ In thib CiiM iho (le^l;^t^ nt (he \al\i x wntihl ]»■ >. l»v (hr een- 

ditum (.hat uheii (he bii»rk> urn* (k ihrji iii.ixinniiii di-'(aiier 

u]»ut. (ho insi'le o\<‘il,ij» 111 ihe «Tnii il |Miviiii,n 1p<- 2 mein .s The 

ininiiiiiHn <ii;^l.nie(> lx lurt n ihnn uiil di pnid ilt< i.itii^r <•( nit otV 
mjiined, Hiief rnmi^di treiii iiiu''( !)<■ 1* tl to bijiir ill) in i lose enough (o 
^ive thi* net,MtJ\r sir.itii laji h i(iiin d foi ihriali^t en( oti 

^rile \l‘Io<’ll \ ol ) U( ofi' |v 111 I Ills i‘ tse, I 111- \ I'locn \ nj | }|,- <'Ul o(^ \.dv4' 
h la(i\i‘h to tin III uii \.d\r. .it tin' iMst.ini tin v\{ n( or<-iiis This may 
he foinnl Imm the di.i;;t.uii !•> Iiinliiitf tin- h•sj)^•ell\l xiTxiins oj the 
iiiaiii v.dvr ,ui<l I xpaiisniii \ .i|m al ••nl olV li\ iln- iin-tlnMls of Ail I-!*, ainl 
(hen Mihti.nain'.i tin- Vi-loi ii\ of iln m.uii \ il\r lioiu i)n \« lo< it\ of' tin* 
oxj'.msioii \.dv<‘ 

An mstnn ii\r \\,\\ o| woikiiiL^ jiiol>l' tns ronni-i i. d vsith lin* lelatne 
motion )>1 the <\|i.msion .ind the mam \.il\es is to (oiisnlri the mam 
vuUe .it n st .md i In n fnni an mia;.,mMi \ )-e( mine s}n-a\«- w Inch. k<‘\ed (*» 

the mam shaft and.iph d to the < \|Mii>ion \.d\< , uonM il a mme- 

mi nt o\« I tin- m.im Md\c pn < ^rl\ tin- sann- as n h.is wln-ii both \alveM 
ate uioMiiy m tin- (-iiL^nn- The s\,u I" do tills is to comblin* wilii each 
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Fig. 56. MrYER Ok\R. Im.XOINARV FMKMJIIC f-lIFA^R. 

valve a motion eijual*atid opposit^^ to the motion of tin- main ^alva^ 
which has thorf-Hert of reducing (he mam valve to n-st Tin- imaj^irtrtty 
eccentric uhich will ^ne (ht- expaiismn vaho (he motion remdting from 
the cotiibiiiation is lound by Hubtnu-ting the eccenlnc ra<)iu8 of the main 
D . v ' 7 
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viitvo as a^i'clorVruin the ocK-iitno radius of the expansion valve. The 
line"pii 111 ),' tills vector diffi'i-enci' represents the imaginary eccentric in its 
pro]ier nilgai.ir pt sitimi with regard to the lAain crank and of the proper 
radius. The w.iy to lake tins ilith'U-iicu is to set out the two eccentrics 


T 
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with their proper angular advances with ngard to thi miiii» crank and 
then to join their ends, pWing an arrow on this joining line “in enrni!" 
with the aubtmctril vector. Thus, in Fig 5i), th<f m.un cninlv and 
eccentric cranks,corresponding to the oxamjde, .m* set out, and ub is tlio 
required difference. Tht» dolled (‘cerritMc cnuik drawn jwirallol to ah 
from the centre 0 in tln‘ diieetnm of liu' anow, roph*si nt*a tin* ie(|uired 
imaginary crank, and tins, if cuiipled in the <'\pan‘'iun \al\f, would give* 
it the jintper inoviunent lolatm* to the main \a]\»‘, whnli is now Mip- 
[Xised iiiicoiiph'd fiom its ecccnliic sliea\e and at n-sl Tin* angular 
advance of tin* mi.iginaiv <‘iank is 24.“ dt-gic s and its radius is 1 2t) 
inehes Tlie dispheenioiit ciirM* coin qionding Iti if <an now be set oul 
in the usual way It is shown in Fig .^7. The in gativt* lap is iwlded 
to tin- figure and cut. olY is found |U'«I .is if tin- piohli ni wt le that of a 
sini]»Io valve goal II will In- uhseiv.-d, Inovt-voi. lhal tin- displacement 
cuive IS only suit ih!-- ha dcloniimmg cut o)f The velocity of eut <iff 
can b(* mcasuioti fiom tins mivc hv tin- nn-thod of Alt 4!h and tlie 
ma\imum ilisplaccuu nt of th'- cvpansion valve tiom its central position 
with leg.ucl to tin- mam v.ihe «‘.m la measureil also 

It will rn»t have escaped the student s laitn <• that fin-«lisplarement 
curve found fiom tin- iiu-iginaiy crank is nnn-lv .i curve rejiresentmg 
the hon7<*nt.d disi,lines li.tue.n the djsplju-i iin-nt eiuves of tin* main 
and expan.sion vahes, shown ni Fig ■')“» 

The design of tin* Ivpn.d toim ol tin- Mi-mt combination maybe 
variid in many wa\s A d<sign whnh allows shoit straight portB into 
the cylinder ]'* shown in Fig .“jH. whn-!i is i< pi.Hluecd from Knffineering, 
June 18, IHH4 The mam valvi' is now made into two sopuratc v/ilves, 
r and U, each part carrying om- of tin* (wo sejiarati* blockH which 
together form the i xjunsnui valve Tin- loim of valvi- diagnim h»r this 
c.ifio w of course exactly Hie same as in Fig the neparation of the 
mam valve making no ditfi*renn- to tin* distijbiitpui whieli it effects. 
Each of th(‘ valve sjuinlles, P and Q, ih coupled up to a simjjle eccentric 
gear.. 

The exhaust spac«* is marked E The nn«blication of the exhaust 
part of tho valve, neccRsary in cons^spienco of the <li\ision int-o two 
porta, can ea-aily be follow\sl on the drfiwing. 

In setting the valves of a Meyer gear of the tisiial U'jh- the following 
method may be employ e<l. First sot tho mum valve to equal leads. 
Then fWirn a drawing^nd tho b)tul width between the cut olf nlges of 
the blocks when tho cut off is b) be, say, 30 per cent, of the stroke. T^is 
can be found by drawing the bhx'kH in their central jMwition with regard 
to the main valve and having the lajis determined by the valve diagram 
for equalising the cut off at 30 {>er cent Then adjust the blocks by 
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means of ilio wheel It' to this ihstaiicc Ix’tween the rut oil I'dj.i v 
Next turn the en^nnc iiiilil tho pi'*(cin .stands at dO jicr cent (if jls 
8trok(’, say for (lie inst.ioke rvcle. whicli p,in ciLsiU h(*(loii(,‘ hj ni.irkinj; 
the slid(' hais The length of the miIvo sjnndle i.s then to he .id|usUsl 
90 (h.it ent otr 19 just taking )i|.iee loi I lie instrokn cm'Io. Turn the 
engine into the .‘10 per cent posilioii Ihr ihe imNimke luele If (Uery- 
thing hn,s heen eoiieetly done the e\p.insiiin \,d\e will he |ns( eniting 
oil’steam for the e\ele. Tlii.s l.isl opei.iiion is n.dlya elieek on the 
aoeuincy of the «oik. 

The lap with wliieli Ihe cut oif \.d\(‘ nnisl hi' set, lo enl off at a 
gnen peieeiilage of Ihe sluike, may readily he lound hy means of the 
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Fig. 59. Mkmk (!RAii ivECLMr); Pmuram m'Plin) to find ^Artf 
"F Clt Off Valveh. 

• 

Rouloaiix \ 'ImLcrun. llw \\|jtc|i an* <1» smbt <! in Art 53 

When nsin^ it tur this jMirjHt-M', cnuMfl. r llii- main \al\f al rfnt ami tho 
o\|Kmsjiiii \aUf to 1 h’ iltiit-n In llio iru.igniar) ‘sTontno jn >1 diHcusHoil. 
Thus, tho imagniaiy ccaa-ntnc tor tho riamplc ju'^t coriMdiTcd has boon 
found t (0 ha\o a nuliua of I lit I inches anil an angular advance ul 245 
dogrecs. Hekirmg ^ the d«s<Tii>tiou of the Keiihaux diagram in 
Art 58. It Hil) bo wen that tho angular ad\anoo, loss 1H> degroos, is tHb 
quantity to bo sot out iH'hind tho ciaiik, and in tho example 

this angle is J55 degnra Set. out Iheieftm*, Fig 59. an angle 155 
degrees, and make Ol 1*26 inches long. Find the crank position for the 
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gin'll cut (iff, my lo |(iT l■l■nt., thus fixing tlio jHiint Q on the eccontrie 
iUkI following tlio instructions ot‘Art. 5.‘i, linip a j'crpendioular on 
01, which in lilts (^isf inti.sfc be {iroduccrl through 0 m order to meet the 
per|iondiciihir at iS. QS ih the disLanci* of the cut oft’ \al\c from the 
centre ot, the main \alve. aii«l thcicl'ore it is negatiM* lap to which 
the cut off \aUe must iu* adjusted The ciaijk positions coiit sjionding 
to piston position iioin 10 tt» (>() [»er cent, at JO per cent inlcr^als, aie 
set out m.the figiiie, ami the negali\c Ups eoire^ixmding to them 
dimensioned. If 0 .should couienle wilh 7,, tin* \.ii\e is to b<* sot with¬ 
out lap, and if llu* cut olV is so larly that 0 UlN betweiui /, and the 
hun/oiital di.imeter, the Up is poMti\e The Up.s for tin* oulstioke 
cycle eaii be round in a similar way by seltiiig 01 bidund lln- ISO degree 
position of till' crank 

66 Rider cut off valve, ('onsfnnt tnurl Vinuihli' /up. In 
thjH gear, invi-ntod about IHHO, then* is a mam \.\!\(‘ and a cut oft 
valve, each of winch is woiked by a se[)ar.itf‘ eccontnc goar as in 
the Meier ih'-igii, and the nit o{f is varn-d by \.ir\nig tie laji of 
the nit off vaive The ]M)int of dilference betwas'ii the two goal's lies 
in the method of \urvmg the lap In the Miwcr gtar, as alu-.uiy 
explained, tin' la[» is n.uhhI hy ?iio\mg the two paits into which 
the cut olf valve is divided, *]u a diiection along the valve spindle 
by means of a lidV.- and right-liamJed screw In the Kulei design 
the cut off valve i.s m one ]ueee. ,and the hip is varied by turning it 
about the axis <>t the valvi- spindle liv means of tin- lever H, tlu' joint 
between tiie valve .spindle ami the eceeninc md being such as to allow 
of this tunuiig action 'Phe neces.saiy modification of the design of the 
valves is flhuwn m pniiciph'm Fig ([0. The surface of contact Ix'tween 
the two valves forms pait of a evlmdiical snifaee whose axis coincides 
with the axis of the cut off valve spmdlo K. The ainmgement of the 
jHirts in the mam valve and Ihe way the Up of tliocutnft valve ls varied 
with n'gard to them, will be iindeistt»od from Fig 61. vvhirh repro«.‘nt3 
the cylindrical surfan's of confact develo|)ed out on the flat. AhCD is 
the developed suiface of the mam valve V, the steam ports in it being 
etpially inciriied to one miotlu'r and to the centre lino. The developed 
fiurfiice of the cut off valve is rv'picstiiti-d by EFOIL The inclinations 
of the cdgi's of the valve to otu* another and to the centre line are the 
s«\uio as the com‘8|V)mling inclm.uions of the so that the edges 
• &Q,FH, he [Kvrallel with the cv)rres|>onding atenra ports Therefore, the 
horizonUvl distances lic tweeii the rvxspeclive edges of the steam ports and 
the valve are constant on each side. This dfctancc is marked L on the left- 
hand Side and representb the negative Up of the valve,^t t>eiug assumed 
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tlmt tin- cut oflf valve is in its contrnl jM»silion wifh re^'-.uil to tlx* mam 
valve. W'hen the engine woiks with the \al\<'s ui this relatm* angular 
►piisition with regard tu one another, rut oft' ■will he di-terniimd hj the 
negative Up/i. If the ent oft'val\(* is tiimeil into a n<-w angular position, 
>bv means of the lever R, the lap will lu' alti'ied. Thus sn[)pose the ne\s 
position is shown in Fig (Ji h\ A’, , tin-m galivc lap has changed 


Fig. 60. 



From L to In this way the lap may he varied Irntween stoti d limits, 
ind in practice the variation is usually utTocted hy Tiieans of a governor 
connected to the arm ff,. The full eonsidcration of the gear therefore 
involves a discussion on gtmTiung, and this w ^uitsidc the plan of Ih^ 
present volume. It may Ikj stated, however, that diro'jtly the angular 
position of the cut ofl’ valve is given the lap is known, and the valve 
imgrom can be set out m exactly the same way as for the Meyer gear. 
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T]rtc jwt v.iffumns ()1 tli<‘ shown in Kig UO aJl ulike in |)Mn- 
cjplt*. Orj«j coiunii'ii aiMiigrmcnt is to conljure bho Mirtacos of contiwb 
round the axis (hr cut otf \al\v hmunrs a piston \alvo In this 

CAsr. if the inrlmod jiuits wcro in.idr continuous round the msidc cylin¬ 
drical suificc o( the main \alvc, tin- fjoii/oittal distance hetwoen thc#^ 
wide* ends would ho imon\ohientl\ ^oeat Jhis <hHioult\ is ev<'uled hy 
cutting them in a soiios ol steps, as indicated in iho <h‘\eloped fiuifaco, 
Fig ()2, wliH h sliows also the coiiespuiiding saw (ooih edges of the cut 
ort' \alve ()t ooiiiso tins slopwiso anaiig'-nieiit '*t p^uts may he made 
in any case whether the cut olV piston \al\o is a pisl<m \aKe <pt not 

Till' ohvnuis advantage of making (lie cut uli \al\<' a piston valve is 
that it IH halaiicod as iegat<ls (ho main \.il\o Working (•\aMi[ilos of tho 
Rider Vidve can ho soi-n at Soiitli Konsmgtuii Musoiim 

67 Cut off plate, ('nnsfmif Inp Viimihle tnfvel Fig li‘i shows 
an actual <*vainpl4‘. wIiM'h has knuilv hocn sii[)plio«l In Mossis M.irshall, 
Sons and 1‘o. (lainsiionmgh ol a cul olV plato in which (lie travel la 
vaneil This design has ahead) l»een illuslialod m piinci[»lo in Fig 51^ 

It will be m»lidod that (he mam v.dve. su lar as tho stoam distnimtion 
18 com*einoi|, IS di\ido<l into two paits, V ami U, mvohmg a division of 
the exhausl poits int'» lv\o p.nls. P bomg lie* oommon oxiunst passage 
leading auav I" tlie <ondpsisor or the alinosplioio as the case niav he 

Till' two en<{s of tlie vaivi* an* held t<igolher h\ I’nmioctmg ilhs 
along ihe sidosdf the valve, (hosr nhs h. ing (onmetod with lUio anothoi 
!>) a moss pu<*o. whose eut T seotuin is seen m tlie di.iwmg The two 
ends (/and V. (ho side connecting iihs and (la* cioss piois* uic all cast 
t<>g«'thoi The v.dvi* spmdh* passes thiniigh the p.ut T <tf the valve 
and IS so(mMl («» tlu oonti.d l»ai lt\ the look imts .soon m the 

drawing The cut utV \at\o Vd i i" tumod m om* piece tin* valve 
spindle passi'.s tliieugli the v.iKo am) is seemed hy h'ck nuts .screwing 
down on to appiopnately fhiiiu’d surl.iei*s at I'a'-h '-ml A teature to Im* 
noticed is (hat the mam valve is donlile pojted with regind to tlfe cut 
off valve 'i’his invlves ihe riitlmg of a sle.un jMirt Hiroiigh the cut 
off [date at each end Thus, con.snieimg the lelt-liaiid emi, a and h 
arc the n'spective cut idf edges of tho plate, A and B being the 
corres|Kindmg edges in tin* main valve The cut off edge of the mam 
valve IS maiki'd s, tin* coue.sponding edge in the cvliiider ports being 
The eoiresiKUidmg edges for t'xh.vimt arc e airl A’. 

, The way the tmvel of the valva* is varnsl will bo understood fnun 
Fig. 64, which sliows a general airangcment of the valve gear. The 
eccentric vvoikmg the eut off valve is not tonnectod directly to the valve 
rod Q, but to u link which it oscillates about a fixv)^ Centre (7. Tho 
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valve r(Kl Q i« j^inteO to a bl<>fk M .sliding in th<‘ slot of the link, 
its jKwition being detcrininod by the goxeniorfoling through the rod Q. 
When the go\(‘nAr ih running at u c(UiHt.‘vnt s|)t'e<l, the centre F, about 
whieh the suH|H'n<ling link (i i^ tiee to swing, is a fixed jioint, and 
the stroke of (he bloek ^1/ is gie.iter or less tVan llio .stroke duo to the 
eccentric sho.ive driving the link, appiuMinal^Iy m the ratio of d to c. 
Herns- if r is the r.idnis <»l the (iil citt eeccnine. the halt slioke u\' M is 
given hy 


it being iiinh'isl'iod lliid d is a v,ni,»ble ijimiititv di-pi-nding upon the 
sjieed of tlu' governor Neglc((ing (in- olilnjinty of the valve rod Q, 
due to the (oiisliamt of its inotnui by the siispeinlmg link (i, and the 
obliijuity of the eecj-ntiic rod. (he above e\prr>->.!on is ila- half stioko 
of the valve Thus for a ‘^iveii value ol </ the \.d\e diagi.un can he 
diawii as in I'lg 55. 

68 The Corllas gear. Thi-ge.ir was inlh.due.-d .ilsmt IHW by 
G }1 Colliss, of ITov nleliee, U .S A The cli.'U.ictrNstie li-.UUK'S of tho 
gear are lour independent distnlmtiiig valves ut tin- kind illustrated in 
Figs to ‘ill, two foi (lie admission and cut orf of ste.nn, and two for 
the relt‘<‘ts(- and eniupu-ssion, ainl a valve geai niei.^anisiu vvhich gives a 
continuous ro<‘kirig iiintiori to the exhaust v.ilves, aMd at the same time 
allows the steam valves to cut ofi the supply of ste.irn sharjily at a 
fraction ol the stioke deleimnnd ly the governor. Amongst tho many 
foi'ina of till- gear whndi have bi-eii <levised, tin- Spencer Inglis type 
made by Messj-s Hick, Hargreaves and (^>, oreupn-s a piomuient place. 
Tho locking valves of this type luive been d<‘.sc!il)ed an Art. 28, and 
the geneial annngeiiu-nt of the ge.ir used to woik them is shown in 
Fig. ()5. The basis o( Uie nu'chanisiu is a tour bar chain, six of vvhich 
.combine to foim the nieehanisni lor woiking the four valves, and of 
these, two havt- a coupling rtxl of peculiar cunstiiietiun.* • 

Consider the i-xh.uist valve E in the liguie. A circular plate, 
centred at ..1, i.s coupled to an eccentric on the luank shaft by tlie pm Z, 
so that A/,*the «s-centnc rcwl, and the eccenliic form together a four Imr 
chain. A pm li in the plate is coupled to the ciank arm CD by the 
coupler BD, this combination forming a second four bar chain. Similarly 
A, /fi, C'l, /)i is the chain for the exhaust valve There is a similsu* 
fogr bar chain for each of the steam valves and but when the cut 
off is to he made automatic tho coupler in each of these two chains is 
made tvlef<c<i[«c, and the connection between the two halves can be tern* 
{roiurily destroyed by means of a trigger. IinmediatcJ^) Ihe two halves 
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iire (liscoriiU‘< fi <lilhr ain \.iKo to the rouj^lcr i'< uncon- 

i)\' tln‘ \alu' and a stion^( spaing Q, in a da'^hpot P, 
Htirnrdtah'K clnsAs iIh \al\r Tin* \s.i\ doin' can be soon from 

the fix'iic, \vlii<li the cuiipli'i to till* ii”ht-hand steam \aKe lu 

detail . • 4 

AJ an<l Kf. arc tlie two ct.tiiKs of llic fnir bar chain to the \alve S, 

• ‘ 

and JK I'l (hr t> h rjnc eoiiph i. "ur part of whn'h teniiinares at- j, and 
the other palt at k The pait .// ha^ a sijiiaie liloek Jt formed abiait 
the middle ..I its leneih to which Iwo Hal sjaino-, are bolh'd which 
stielch alone («i, and enoae,- with, pioj. i tioii'. I'oinied on tin* otlier pait 
of the colipli r 

The [latl lediHMafiiie’ al / is >MitahU foinieti in'ar the end Ji to 
can'\ a pin p. on uhicli a tiieori ei catch T I'l lice to tnin, it*' turning 
being r<iiiliolled 1*\ the ciiived le\i*r h, t<'Jimnating in tin* j«jml, U. 
This pjtint r IS connected, thioiigh tlie rod (i ami the lever//, with a 
short shaft, lo which (he governor e|\,.s an angular nioinm as (he speed 
vanes, uhich angiil.n motion eaiiM-s a sm.dl motion i>f the [lomt U. A 
coiresponding point. on the h ((. sah' leccives a smnLu motion thioiigli 
the toothed seet<iis at I.icIm d to I he lev 11 s // and //, When the eiigiin' 
IS iimmiig at a imitorm speM], U, and ot coiiim- {\, ai> (i\ed points. 

The .steam valve »S', is o]»ene<l li\ the nioveineiii winch puts the 
coupler in tension, tin* projcchug edgis ol iln- spinigs belonging t«t the 
part '(/gtipping ou coinspondmg piojecHons on the pait A7», and as 
the neces>ai\ movement towards the eeiihe ol tlm cvlmdei takes place, 
f/”being li\<‘d, the ingger T turns lelalively to the cotiplei, (onvs the 
springs apait, and thus oasis tin* <'iaiik LK tiee fnan the valve gear. 
The pait‘/y continues its movenieni, 1ml the pait Kh iiist.mtanoou.sly 
tiles hack under the a* lieii of tlm spiirig Q, tin* dashpot P modeiating 
the a<‘tion of the spniig Tlim laiier pait leiuains at rest, the valve 
being closed, until the spiing oatclies heloiiging to the other half glide 
over the piop-ctioiis and cIom^ uj) in the position vvhi'ie they engage 
\»dth tln'iii jminediatel} the inovtuient JS n‘V»'isj>d. The instiiiit at 
which tin* (iiggci T rcl(Ms('s the s[»iiiig <Mteh di'pends upon the position 
of the point (/. When tlie load is thiown otV an engine of this t}pe, 
the go\ernT>r I'hanges the position of U sutficieiitl) to cauHC the release 
t>f the tilgger .so variy in the stioke that haiilly -my steam is admitted 
to th<’ evlinder. If a load be now .suddenly thrown on. the governor 
immediately movi's U to a position whcic sicj^m is taken through a 
Yjrge fmction vif tlio stroke. The control eftect.sl in this way is well 
i‘\hilute<l when the i ngme i.s iisetl to duvo a rolling null. 

When tbi' ingot is put in the rolk* thi* full load is thrown ou 
the engme, but alter a lew secoud'j the ingot has through, and 











nearly the wholelload is thrown off; the valvo gear answers at oncc^ and 
automatically ri'Vuces the cut off. The cranks AJ and AJ^ are deter¬ 
mined by pins /piud put in a circular plate] immediately behind the 
plate driving the evhaust valves, and connected to the crank shaft by a 
separate eccentnc iikI which is ciruen by a ^epaiate eccentric. Thergjd 
are thiis two eccentnc hhc.vvea on the sh.ift dnving respectively the 
steam valve plate and the e.\haiist valve jllatc. 

The valvo displacement ciiive for each of the exhaust valves enn 
be set oiit hy diawing the gear in a series of eontigiimtions corre¬ 
sponding to, say, 24 eipiidistant erank positions, and incasnring off the 
corresponding disjiUeeioents of the edge of the valve from some 
seli’Cted position, linding theiehy 24 |s>ints on the diagiiini through 
which the ciiive must p,iss 

The sha|ie of this ciiive will Ix' very ihfl'eient from that shown 
in Fig. 38 lor the simple ecceiitiie ge.ar The dtspl.ieemeiit curves of 
the steam valves can he diawii iii a siunlar wav for a given pusiLioii 
of U. 

69 ' Sulxer gear. The Snl/n v.live gear u.is nifrodiieed in 1867 
and inehides a goveinoi It isdestgned to work loin v.ilves pei evhnder. 
two aduii.ssioii valves and two evli.uist valves A p.in ol ste.vni and 
exhaust valves conlrnl e.irh ,cyele in liie wav evplamed in Art 2 
and indieati'il diagramiiialic.illy in Fig 1 Coiiesponding to the.so 
valves there are le.iltv two valve ge.iis, one toi each e}ele Fig (16 
shows a eiiiss seelion ol the high pre.ssiiie evliniler ol a Siil/.ei engine, 
taken Ihrniigh the v.dves eontrolhng the inslioke rvcle, and the figure, 
shows also the gear tor oper.iting the valve.s. The valve .ind valve gear 
are ilupheated lor the uutslioke eyele, htaiig jilaeed at the end of the 
oylmdiT remote tiom tliiit shown' Itestrieting our attention to the 
uistroke c)i le, sleam is adnniteil to the ovhndev In the valve ,S', shown 
open, and ivleiisod I'lom the cwlindei iliioiigh the evliaiist valve A’, shown 
,8hiit. The steam valve has alre.idy been illiistiuted in dutail. Fig. 1. 
The exhaust valve is similar m construction to tlie .ste.ain valve, having 
four seats. The valve gear m.vy be analysed into a series of four bar 
chains, aniUii make this clear a skeleton diagiam of tlie gear is drawn 
to the left of the actual drawing, so that the geomotrieal basis of the 
^gear can be followed easily. The lettenng on thi-s skeleton diagram 
corresponds with the lettering on the actual drawing. 

, A shaft A. placed alongside the engine and driven by eiiual gearing 
from the crank shaft, is supported in journals carried by two brackets 
* which are bolted to the cylinder itself, one of which, lettered B, is seen in 
j„the figure. Keyed to A is an eccentric slieave, the cranJi corresponding 
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to which is shown by Aa in the skrh-toii tiia^^nim. a point c on the 
eccentric rod is jointed with a crunk ami c(\ which I oentn'il on the 
shaft C, this shaft bcin/^ merely a supptirt for tins clink This com¬ 
bination of tw’o cranks, Aa ami Cr, and the connoctinff link oc forms, 
with the fixed frame, a four har chain KvtT\ jioint in the eccentric 
Vod, shown black in tin* skolrton di.i^n-am, is thus eons(nun<-<l to move 
in a definite j>ath 

First trace oiil. the connection ot lhl•^ « hani willi tin- (‘\hanst \alve 
One arm, nameh </I), of lie* 1 « II ci.nik d/V. js cormccit d la tin* nxl dy 
to the cr(H>kcd cmnk f/fi Tim boll <Mnk i** t.iiind on a sun|>i>rtiiig 
shaft D, earned by th<“ bi.e-kol /i 'fh'* eiookt i| cr.ink is joint-'d to the 
enlarged part of the \al\c '^pindlo 'I’Iicm* link-i, namely, the ctanks /Mi, 
and tin* coujib r dy. togethn with ilm liaim* loim a foui bar chain, 
the moveiimnt ol winch is driiTioinod b\ tin- <onm<*tion o| the aim De 
of the bell ciaiik b‘\» i to the ecc< nine lod b\ ifu- link <ii If the link 
could vibi.il(', in-i- imm ohsiiuciion, about (i as a fi\<’d (vnlie, thi* 
turning of the slnift .1 would inen b (.niso Hie ci ink 7^' to execuk* 
vibrations about G as centii*, and tlio <*\li.in>l \.iIm- d wieild always 
lemain shut Just b. low tin* h-v.-i ./f/, however, there is a bar, whose 
])osition is ,uljiist.il»h‘ ahotil tlx avis j b\ im’.um ot the bolt j This is 
si't and flaiiipi d in po'-ilion (o 1 <i.s a li\'*d luhuum, so that 

the crooked <i.ink at a cut.on iiist nit in its downw.inl movunent is 
brougdit int<i (oiit.x’l with it. anfl tliui the ciank acts jls a le\i-r and 
lifts the exhaust valve olV its si-.n In tlm skeleton di.igiam the fulcrum 
is shown at k Tho actii.d aiMiigunont is, however. eijUivalelit to 
a moveahh* tiilumn sjmv th«* ciii\o«l iimlcr-siirfaci* of the crooked 
crank qd, <lunng its downward angular motion, touches the lulcrmn 
piece along a line which inovos continuously t-o the left The leverage 
la changing, but it is giratest just at th<* opening of the valvi* and least 
when it IS fully 0|><*n rons.sjm-nlly the velocii) of the valve is small 
when it IS opening and when tf is cbising In this way tlx* valve is let 
down on to its soatings gently and is held there l>y the comlnncd action 
of tile steam and the spung seen in tlie drawing, afliT the crooked 
crank gG leaves the fulcrum piece altogether in the course of ite 


upward aiigiiUr movement ^ 

Consider now the connection to the st*-am valve One end ot ^ 
a coupling rod is jointeil t<» the cccentne rod at c and the other <.*nd 
to a crank LI, L being a fixeil axis. Thus the two cruiikH Cc, LI, and 
the rod cl form with the framework a four Imr «liain denving motion 
from the eccentric slieave Mounted on the aus at / m a catch *or 
trigger Um, one end of which is joint^nl by means of the coupling rc^ 
Wrt with a bell crank lever, whose central axis, 0 , is earned on the^; 
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rikfl i(s'Jf Tin- (»tinT arm, op, of this b<‘ll orank is linkod to 
tho-point F, will'll Md-upics a diHiiito ]Kis)tion tho governor in 
jiimnng sfi julilvl The niulmn <•! the im-ntm nxl and tin* connection 
(»t the arm op to tog. tliorraii".' an angiilai niofion of tho Ixdl crank 
ulioiit il4 .iM'' o wlin li .iMgiilai iiiolion h itar^smitli d by the coupliT nm^ 
to tiu* (ifggt r nilt Til.' iiii.iioii of (In* ttiggoi is thus ni.uh) up of two 
eomponent'', oiio tho laoM'in. nl i.t its I ifi the an' of a cirele about 
L, the «ilhei an an;'ulai iiioiion .ilxmt the axi.s I The angular ('oin- 
jionent cli.'tiu;. s as the po-'iti<.M ot /•'. h.uio.'s The position of/’js 
eoiiliolled In tlu' go\.nii.f, .uiv cli.iiigi' ill Us eohfiguiation Inung 
iwronipamed In .leh.inge m tie .uigulai position o| the shalt Q, which 
IH diieetly Ioiim'ettd to iIm' g.iv.irioi The se\ei.d posUiuus occupied 

bv A’lor cut oil'' o| /. lo 2t) .Ilid .M p. 1 eeiit ot ihi .slloke aie shown in 

the hl'Ule 

Ihepatllol the irisldi - tl;;e t of |)|I 1 eollse<|ii( nl upon the 

coijibiuatioh o| ilie iiioiinriol lU i\is/, u ii h 1 In .inoui.ir mot loll about 
the axis \sli. u /' IS IN the pO'iiion loi o”) p. I .o’li tut oil, ]s shown in 

the eiilaie, d detail h ig (i 7 AI>o ihe p.iih \\h< ii F lias itio\, d mlo the 



Fig. 67. Su.ZMt Cl \i; Dhivii. OF Tun.o+u 

position where cut otV lakes placj* at tlu* beginning of the stinke. that is 
at. zeio per cent b’lom lhes(‘ curves it will lie eh-ai that ihe dow^iwaid 
motion of the lugger htings the iiisuie edg.' / into contact with the 
lever LR, ami opens the s>te.un valve, win n pait of the curva'd ]vith of t 
lies iiiHiile^he aie of the circle piussmg tliiuiigh the exiiom,' edge of the 
lover LR. and also that the lugger ^.lips out of contact w-hen the path 
of t cuts this ciicul.u aiv. When this happ*‘ns, the Hteam valve is tree 
from th(* control of the valve gmr and {kvssoh under tlie control ot the 
npnng and ilash[M>t, the coinbimsl action of whu^ urges the valve back 
iilto its seating gently, but at the same time sharply, so that there 
is little or no wne-drawing of the steam. The cut ort‘ may be thus 
vai’ied from stioke to slioke aemiding to the instantaueylis pomtloD of 



v| Independent Cut Off Gears 113 

F, fmd 8in«» thin position doju'mls iijton tho slight inri;itnm of ilic 
governor bp<hhJ, which in its turn ih jM iuls u|>»n the iiinution of Hie 
loud against which the eiiginc is working, the cut offhs autoiuaMcjiIly 
adjusted to the vanati«)n of the lojid. 

To wt out A gear of kuni, \Mth iho ohjeet of diai'ing the 
path of the edge t, in onh-r to find the out off foi n gueii j>ositiou 
of tin* [)oiiit F, the gear mnsl ])o set out in a s< ries of posmons rorm- 
sponding to, wiy,-4 etpiidtslant (tank po'.iitnns, finding tlins 24 jnunts 
on the ]»Ji(h of t. Joining these ]>oinls In aeiii\e. (he mterseetnai of 
the cuine with tin’cnenlai julh ol the «dge of the l<\ei liL is eiisdy 
found.and hy inti ipol.iiion with the nninheh d p unt^ in the neighbour¬ 
hood, the corn sjionding eiank angle ran be infeiied. .ind lienee the 
piston jmsition. The plon ot SI tilllg out the geai fo| il sUiteil cmiik 
angle and gi\i n position of F is as follows — 

(1) .‘^ef oi,l the gi\en jtositmn of F, the position, of the fi\ed 
(Mitiis A, (\ If fj. 0, and also the .uigulai position of the e<('enliic 
mdms (.oMi'ponding to the gm ii eiank jiositmn 

(2) Witli ladiiiM and centie (' diaw an me aii'l with ladiUH ac 
and eentie o ent i( m c. 

Set oiit I he ]>oiiil > o. h, .'doiig the Cl cell I lie rod. and with centre 
0 and i.idius «»/) draw an air and eiil. it in p with .in aie of lailiu.s Fp 
dmwn fiom the ec-nlM* F 

(4) l)raw tlie lejnmii agatin (Ui of tlie bc‘11 eiank 

(5) With centie L and i.idniH IJ iliaw an an*, and cut it in I by an 
arc of ladms cl and centie c Thisdi fun s the poai ion of t li< .i\is of the 
trigger. With radius Im and ci :itie / diaw an atc. and cut it in m willi an 
arc of radius nm and centre n, thus defining tliu angul.ir position of tin* 
trigger with regaid to its axis. 

(0) Set out the edge I of the tnggei, and oin point in the path is 
determined. 

No*diffIrnlty will be found in slotting out the position of tin* exliaiidt 
valve for a given ]K>sition of the fulcrum piein- y. 

In the actual drawing of these curves the long eoupling rods may be 
"9uppressi‘d ” in the maniiei illustrat'd in detail below in connection 
with the aetting out of a Jov valve gear. Art 12(5 In this way it is 
possible to draw the patlis of tlie various |)oinls to a large Kale without 
using an inconvenieiuly^argc dr.iwing-board. 



cirArTi':R vr. 


TIIK ANALVTK'AL MKTIIOI). 

70 The analytical method, A liiu f (Apl.ni.iiion may now ho 
'ivon of the nu‘th(«l ul |lr<ll^ll•m^ .utal\I kmIIv The 

.n.ilytiral im-tliod contains imi»licitU wiliiiii its symbols all tin- 
nctinail inotlimls tor the solnti<in ot \.iU<‘ |'<‘ar ]ni»l))cms The tools in 
luH case ail' im’iclv a table ot mih's and cosmos, which need not give 
•he \uluoH to no»rc than four M^riiticant ti^uios, and a tabic of tour tigiire 
ojfAiitbms A studout who can usi' theso witli lajadit} and accuracy 
\ill find tlial problems conn<'<(od with tlm simplo valve may be 
lenlL with as (jiU'-kly h) th«‘«t' means ,i.s with tin* tooK <ij grometin'al 
voik, nanmlv, compasses, set Mpum-ji. etc . with the advantage of gie.iter 
iccuracy, and olun ofgu.itei s^ics'd The most ,idvaritageoiis way of 
-vorking IS to combine the two luetliodH, using one as a check on the 
)thcr. 

The w’oik may be dividod into two distinct p.uts -- 

(1) Tile e,ilculalion of the piston position toi <i given value of the 

eiank ungl'* 6 , or rice iv'/.sfi. 

(2) (’alcidalioiis ]cganlmg the valve geai iii conm-ction with the 

eiank angK- ff. » 

Thus tlu' crank angle & is mailo the inde]M rident variable, and, for 
any jvssigned value of it, them is one cuMespotuling position of the 
piston, and one pmition of tlu‘ valve. 

71. Crank and connecting rod. Considering first therefore the 
positKjn of the piston in relation to the cr.vik angle 0, it will be 
observed from Fig 08, when' OQ is the cranlc Mdius H, and BQ is the 
length of connecting rod I, that if the coimecting n>d is infinitely long 
the displacement A' fiom the central position is given b} Op, which iS 
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«]iial U> RcmS, but thiil the (‘fb'Ct nf nblujntty ifi tn inoivaw* tliih 
diHlauce by tbe ainouut Fiyiin liio it wi)] k* Ni c'n that wilh 



Fig. 68. ClHSK \V'I> C'oSSKlTlMJ lion I'kKU'I of ITY. 

ilio rvlimlrr to tbr li'ft of tho hliaff /»y i-^ aluays |hisili\f, flmt is, lor 
r\i‘n oi.ink jto'Kiuti, lln‘ point </ falls (o tin' iiL^lit "f p, so that the offrct 
of ohlnpnU iH tin- anioimt juf ni<asiit><l li<»m p towards q. If the 
well' to tho i|oht oftho sh.ifl./iY Would lio m^Mti\o hut all Ibo 
diat^ranis in tins hook uro diawn foi tho «\iind< i to tin* lojt. so that })q 
is alw.ivs to hr ii'L,Mi<h‘d as positnr and h to hr nddod to th»‘ ipianlll) 
jVrosf^, wln llioi this hr posmvo or muMtivo H' urr for the pinion 
dihplaci nii'iU, 

X = H ros 0 + itq 

Ily Kiiflid Hook III X\ 

Ihit siiifr pij 1 ^ alw i\ s siimII in roiii|i n isoii u ith Up. vr*rv littlo crnir 
IS inliodiii'id if /)«/, ^vhn•h is th-- loni^Mh '*| ih<‘ 'onuMtiii); ro<l I, is 
wiitirn lor liji so that t lip d- liq) hoisuir ^ < «ju.d to 2/ An<l (^p is isjual 
to R sin 0, tin i« loir 

pq =- ajipioxmialrly, 


und 6nally, A'- 7i cos ^ ^. (1) 

Dividing' throii^di by R, 

* \ R 

=cos(?4-. fS) 


Tins giM's thy fraction o( tin* hall siiokr at whnh tin pisUm iu 
distant from its (*(*ntral ]iosilion, and i.s jmsitivc lor all |K»silionM to 
the right <»f the contri', and negative for all ]Kisitions to the h-ft The 
fraction of the wdiole syY>ke at which the pibU^n .st.-nds from the deml 
{Kiint coriesponding is given by 

1 - XJH 
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und frnifi till* (Iriwj jMJint cnrrc.siMjndin^^ to 9 ^ 180 dogrws, by 

l±x:it , ' 

2 . 

in f'iU'h cajio may ot conrM' he jKisitiM- r)i 


[cii 


(■t). 


Tij fitid till- .iridic fl, for ii ({uon \;l1ii(‘ of X R. oqiialion (’2) riiu.st be 
Hoivcil loi rnsf? Wiilino (1 -(os’ 0) for sin’d, ii foi tin- ralio of (ho 
lonifth of till' connccliiio loil lo cmiik IJU, and/lor XjU, (2) iodiiC(.'s to 


cos’ H — ‘ 2 )( cos ^ + ( 2 «/— 1 ) = 0 , 
t)n‘ solution ot \(Inch is 


CO, f) = H - f I I - •>■■/' . (o') 

I lie itiiiiiis siL)!! Is used licfoiS' lh(' roof liMaiisc tin- pins si^oi would 
givo 11 \;di|c id'cosd onnlci than unity, wlin h is inadniissilih’. 

If (lie coniicctiiio rod IS dj tunes the Iciigtli of the ciiiiilv, so (hat 
11 = do, the ciiimtion bccoiiics 

cos 0 d d - \ t 2d - 11 f.(tl), 

from which thedittcrent \idin‘s ot cos ft. corics|ioiiding to .issi^oicd\aliios 
of/, limy be coiiijnitisl 

It ahoiilil be notisl that (.he (jiiaiititi to the rio|it loiu conic out 
cither iiositnc or in o,ituc If i>osilno, the an.olc ft In s between 0 nnd 
no dcgiccs, or 270 .iiiil .‘hiO dcoic's If negative, ft Ins between !I0 
degi'ces and 270 degics-s Which \aliie of 0 to take in any p.ntienlar 

(Use ninst be (let.. by the conditions of the pioblein 

The piston curve. Fig tIS, is the giaphical tepreseiit.Uion of (0) and 
could ha\e been jihitl.eil fiom it. 

72 The Tcilv6 displaccnifint. ^1 In* \alve (lisplaecincnt j is given 
ill ternis of the ci.iiik angle ft by (see Ait 42)_ 

ir = r cos(d4- tfi) for positive rot.ition of the crank wit.li 

outside adniissioS.(1), 

a? = r C09 (0 — <f>) tor negative rotation of the crank with 

. outside admission. (2). 

,r = r cosfft-X) for [lositivo rotation of the crank with 

inside admksion.( 3 ), 

^ (r = r cosffl + X) for iiegatno rot.ition of the grank with 

insiiic almissiou .(4). 

All these relations are expressed bv cqnatioii (1), provided that the 
angular jaisition ot the eccentric .sheave with regard ^ the crank in 
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always inca«iin*d in iho ptwitivu direction; and f(»r lywlytical work this 
rcstnctuni of ^ to a poMtivo \.ihu' in \erj c<ni\cnu‘nt In whst. hdlows 
therefore it is to !>*' iindi rsUHxl that 4> lm\<*Unv jw*.sili\c vahio 
Is’lweon 0 and d(»0 dcj^nv.s, hikI that f«n* i\u‘ c"ijditioiis rxpivsscHl by 
cquation(]), the lies between and iMt (1< tfje<'s. li\ ei^imtiun (2) 
bctW4H.’n IfciO and :i70 de^'n^'^. b\ e«jiiniinn (U) i>» tween 270 and JltiO 
doffreos, and l)v eijuafion (4) Ix lwn n 0 and !M) <le^u‘es 

Coiihalennj; e<pi.aion (I). it i^ t<» Im* olisenwl tliat, for a ouen value 
of the an^idai <id\anee liein;; known the eotir^|>ondiiiir \aJue nl i- can 
be ealeuian d uitlxait ainla^only. 

For ti i^ueii iniiii'‘M<.d ot /, howo\et, Ihiie .ne tuui jmssiblo 

udiU’s ol tin .moil- e<{ii.d nntiii n<'ai \idiio‘>i of .r, naiindy 

al), C(i, e/. >fli. Tilt dlf eonosjM>nd to tin iniei|ii;d .iii'(les, ()<t, (k\ Oe, 
iUj To iliM iiiiiiii iio b<-i\M‘oti tin O' (in:;l'hl^t, that two of 

llio x.dnes o| ; ,ii«'neo.ili\e ,uid 1 wo |i.ivii..iidlv llial ot the two 

nee.itU(‘ oil*, ii.iiil'iv tih tnn<.i''ini^ in vaha .-i" llie anj'lu 

ineie,is»-s, and the ollui, <r/ is (hehastn^r as the an;^je meii*j»W*S. 
Smidail), of lh«‘ two |kositi\o \,ilu<s, rf is iii< lo.ismg. .md ijh is de- 
eii’A-siny, witli the aM:;Ii- 

Jt a nnitieiaal \.diie r.f r Is assiirned ihueioie fh<' ^o^e^|u)^ding 
\ulue ot th> .iiil;)* (MiiDot lx ti\id iiiitd w< know 

(o) tin- s|on ol I, 

i^h) whelliti j is III'fasin^^ t)r deeioasing with 0 

In eotiineiioii with the |ii. s, iit Mib|< < 1 li'A\e\er, it is generally 
nnnei esNit\ to « x.itnine hiiln.ilK whethei J is inereasMig ol deeieasing, 
because llie .i|i|tio|iijafe \,dia t.m )"■ detenjini'-d li\ other coii- 

sidi-iatioiis. 

Table 1 shows the sign tt» be given fo .i |oi anv jvitiii-ul.u event in 
the s^lokt^ Iwilh (or jjositive and in galivr loiation ot the ciaiik, ami also 
the way to diM-nininaO* between fh'' two angles wha h eoiii spoml with, 
eithiy a positive, oi u negative, sign 

If the evh.iii.st lap IS m galive in ain j»ailnulai ease the signs given 
in the table b> n'lease and (*<»nipiessi<m niunt bi- eli.ingi d. 

With reganl to negative roUlioii, it must be ii iiieinbi'h'd, that 
although the cmnk is revolving negatively, no ditlerenu* ih niade m the 
way of meiLsniing the crank angle, that is to n-iv, it ih alwavs ineaHiiriKi 
in the coimtereioekwjse diu'ctmn, from the zero i lank posiiKtn, The 
crunk in its negative fobition ih theniore eoriHid^ r* <11«' go Irom 0 to 351), 
358 degrees, eUx, shinding at 270degreeH wh<*ii it has inmle oneopiaiter 
of a revolution, and at 90 degieea for tbrce-(|Uttrleis ol u revolution, 
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CH. vij 


TAKf.K 1. 


SinntoJuJKiM'iito I p 

! <>1 D' 1' ttlM‘ tol U I'll nl tin < iiUik 


' hil«ii!i“ a Iii'i li-i<‘ii 


('i.iiik If 


hl»fri-k( ()i!l«(r..k( liiHiKik. Oiit'-ti.'ki 

INwitn. 1 

Nfk'itloo 

1 ( •'. ( V. !■ I’\i, It 1* j 

il'tatlon 

IlolUtlilll 

1 


A(hi)i'"*l"n - , + 

(’iltdtl — t- 

Kcle.iso .. ' 

(’ii!n|»?(4- “ 


■f - J.,iri((T Sni.illci 

I - .Sinalln angle 

— \ Siiialli ‘1 Laiger angle 

L.ii^rt .iM^li* . Snialli’i angle 


K'luatiiui (It invt'lvt ^ 1 un r.ui'ii.itit-', r iiikI (f> ll (he eniiMantH 
are gi\i‘n, iln* einit ‘'|»'iii|jiig«lf'[ilu( < im n! eiii m* is eomjih lrl_\ iletenniiied, 
li 111 ' sf lines ,u'' fi"! given, til' s|i. i Hi'aii'»u "I I'\'> |»"Mi(s on the curvo 
I‘n.ihles (h' ln t" 1" luiiml Tie-sj» i ihcatioii .>( a |«'int. P sa\, Kig t>U, 
recjilii'H that Its 'listniic' > iJ-'lil tli'- v itn.il axis ho givn. ainl alsn 
tlio ('oin-sjK.nillllg V.illl'- "1 the .Ulgh' 0 ll'll'e, to sjiocilv (un |>nintfl, 
llie values I, 0. iiiHst )»' yiv' n loi I' aii'l the v.ihn s i , 0^ (oi a f'ceoml 
poinl Jus. King ih'S''in the < .jii.ilion loi tin eniv*. 


f K - j eos t- (j))] 


(!■>). 


a ]>afr of siniiiltaneoim iqii.itions tioin ulia li i •ml (f) may Ic fouml 
The '■.jiiatmiK in i\ he wiilt' n in a hn in whn h K sona tlines useful 


K\|N4ii(ling < ijM.iii"n (1) 

. ( 0 ) 

where A ami H wiilfen foi i ens(^ ami / U's^)eetJ\^‘lJ A and 
Ji are CfmTicct''<l h\ tin- ie|ati"n 

.(7) 


and the niiinericjil vji4iie of tan <f> is given hy 


Uii = 


li 

A 


.(H) 
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The actual value of ^ depends upon the direction in which the crank 
shaft is to rotiite’and whether steam is to Ijp admitted at the outside or 
inside nf the lalv/;. Whi'ii these data aj'e given, the quadrant in which 
th(' pfccntiic ladiiis shimls, rclativuly to tho crank, is known. In this 
form tlio jjair of siumU.iui’fiii.s rinmruitiM (5) become 


[.r, = *'1 cos 1^1 - /)' 

= A ~ Bt^iu 


from whidi a( an<l Ji mav In* iouml .iml (a’in'o r .iiid 


Thcjso vijiiadotw may bo nsod t»)i tlio Mtiution of \alvo ^^‘at jiroblcms, 
(Jiiootlv j- oxjuosscd in toiniH of tlio (jiianlitio^ coiKaanod in tho 
disiiibufinii lit the sU'.uti Tlio no\t (uldo t^ivos siimiltam-ouM \aluesof 
j and till' cr.iiik ain^lo tf, ('a«'h jiair o| s.duo'i < oiioM|H»Mdin^' t<i a dofinito 
Iioiiil on tho disjilacoinrnt oui\o whon tlir jUDjioi sii^^n l,,is ticon given 
to a', and liio {an|ii'L anglo tued ii|»iri ttoni Table 1. 


TAUM-: 2 


NuirCiu'ul \aliu' of i «’<iiiiil In 


I Steam lap |- h-ad .. 

I 

Steam lap 
K\lianst lap 


-Ail 

-A 

■-I 


*Stoam lap-f ina\niium wullli 

of poi I tiponing ha jwleani — A + H' = r 

Kxliausl lap + uiaxiinum ^\ 1 llfh 

ot poit «*[»hing ha rxliaiist. =. / -f - / 


- 0 <i) ISO dt'gn r's 

d - < Milk angh' at out <itV 
la admi'sMoii 

! 0 - or,ink .iiiglo at release 
t'l < nJiipicssioll 

H + (/> I'SO la 0<li‘greOfi. 
-h (f>— IHO ra 0 dogrooa. 


F<a* iiislanoo, find the \ahio<i| d at" cut for thiMnstioko cycle, 
in the case of negative roUitioii with mitsiih* .ulmis.sion, vvhru the lap 
is 1 inch In this cav* the angular udvatiee, <f>, niu.st have a value 
between KSO ami 270 degrees. Let it be 2()0 degrees. Then, from 
Table 2. 

1 = f CO.S + 2(!0) 

f 

i**rom Tabic I, the sign uf x for this paiticulur eviuit i^, stated to 
be negative, thereforv' thi‘ inimia sign must be pii'fixed to the figure 1, 
Olid the largi'i value of will he the ivi|iiiied losult. 
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73. Th« Tabre rslooity. Tho volocity. tJ, of the*valve is found at 
once from the di.^phuVineDt by UiHervnlittting x with regard to tho 
tmu‘. Thus > 

J =:; U S ((# + 

Therefore 


tfr A , /im 

('= + ^ dr . 


When the mnk I'l rc\«>Kini,' miitnniiU, tin aii;;ul:ir wlocity, is 
cun.sUnt. and «i|i>.d !<■ 

'Ifrii, 


\^h(‘n‘«lH the nnnihi i ul n\u|titii-iis p< r m mrxl Henu' foi uniform 
lotiition, * 

w = ~ / sm (d + 4>) 'Ivn .(11). 

When usjiitr till''• \|in'•''loll n nn iiilii 1 (o / in fei i iiMuderit* 

get the III li « I jM r mii.ihI 

The last time cunt.tin tlie wlicle u| tlie inathelimtiiad 

n-I.iticns in\'»lvecl in ih* .inaK tual tn atm* nl "I a ‘'iinjile c'ceentrir gear 
A few e\aiiijil«s .ire .nl'hcl, '.laiting lii^'t with tlie ex.uiiiimtien of a 
giun gear 


74. Example. A \.iU«-.ir Im". tin tollowing diniensieiis:— 

/ = ,s Mi'*ln s, 

(ji ~ 1 dc gt, us, 

L - I d?.') inehe-s lul hulli e\el( S, 

/'•OInnh „ „ 

ti, the rath* cl tin h ng'li ct lli«- e.innec ling red to the crank«4. 
Smee <f) lies hotiMn ii MO and IH(' d< gr* < h, tin* erank shaft rc»tatcH in the 
pohitiu* diieetiun wiili ciut^ide .nlini'hiuii C’.ih nhite lli»‘ \alue of the 
lead, and tlie Iraelieiis ut tin* struke at wlinli the heieral c-vcntH of 
adiuiMion, cut clt. leh'.ise ainl cujnjjn ssiun liiKi place, for tho iiutroko 
and unU»li“kc‘ cjn-h^ m ^|M.‘c-t.ne|\ 

Tho 1 ‘^UlltlOll to the valve* displacement curve IS 

ir= 8 o'».h (d + 120) ,, 

To find the lead. <*alni!atc' the value of j-when ^=*0, and fiiibtmct the 
stoaui lap. Thus, at the dead [xant, 

a; = 3c*c4il20, fii'in which j-® —1 '• in(*lH“<. 

The corresponding !c*ad is therefore 0 125 inch 

The load loi the outslroke evde IS also 0 12.5 inch. 
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i 

For cut .ujil ii<lmi''''nni to Iho iiisiroke cycle, 

- 1 4-J-O), 

from uh/cli 

c«n(^ I- f20>3- —J) J-.liS 

• * 

ThiH is lhi‘ iintiii rM.li v.iliir <'1' tin (usme ot nii -in^'lc nt ij2 fic^Tces 
42 ininuli-'* Iml siikv lln- is ii« , tlie U\" s having this 
value ol ijie cosinr ate 

Jno - Il:{ - 117 (l.,i,MeeH = f^,+ l’_>0, 
or ISO + (j3 = 2ilegices = /Ij + 120 

The c«(iT(*s|MtM(liiii; v.iliK s nt' V an* —3 «u‘ f Sa 7 <|ci^ici'> .iiul 12 S degrees 
Froiii^'nhli J. Ili<- lit Or Ik- mg 1 Ik- .st(iail<-i < oik '>|iiind'' to ' call oil ’ and 
the laigei t'j “ ailiiiission ” 

I‘ro<‘c‘(‘(liMg in aMe\a<ll\ siniil.u \\.i\ uilli 1li< value ot th<‘ exhaust 
lie lound that iel<as< and enin[ii-•"ion lake jil.iet lesjn <Mively 
at 152 and d2-S degices 

In this exiiinple, the sO aiu and exhaust laps ao- assumed 0> lie cuju.il 
for thi‘ Ivvi* <*>e!es 'I’lie ti.ink angles loi ihe toui e\i-n(s ol ihe out- 
stioke c\cle cMii he lound thelefote hv ne-hlv adding ISO <1 gic e-^ to 
those arighxs |iist lound sulptia'ling loo d giees vvli. ii the sum is 
greatei tli.in dilO cleoi.'es 

To fiinl tie* e<alespoMilmg ]»Kion positions mlioduec' tin* valm- f’oi 
the latio ol (lie length ee| ihe ei>iini'e(mg lod III the i Milk, ti, given 
above, Hilo I ipiation (2) \ilit le 71, ohi imiiig 

~ ^ s "'f 

For conveiiic ..1’ odi k nee Hie di'l.iils e>f this l•.tleu^alion, and the 

.snminai) ol ilu piei-i ding ones, ai* given in the nevi 'I'ahle 

The vidoeity of the v.dv'e at rut oH t>ii the insiKike' evide. assuming 
tile crank to m.ike 0 levolulioiis pei s., ond, is found lioyi eipialn^n (11) 
liy introdueiiig 

?■ = j\j feet, ^ — 12.'t degiees, ^ — 120 dc glees, aiul » —3. 

Thus* 'u as — sin (2-l‘0 ) X G 28 X 3 » + 4 2 leet per berond. 

The + bign indicates that the valve is at the instant moving in the 
positive diiection, that h IVoin hdt to light. ^ 

' Releiniig to Table 3, it will be seen tliat th<v“rt'ict of the obliquity 
of tho connecting roil is to cause a dirteieiice of llie point <if cut olF in 
the two cycles of about S^ per cent uiul*a difl’erence in the coniprca.siun 
of abiiut 3J pel cent. 
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TAlil.K 8. 



j (. laiik 

1 Ullgl-' (' 

i .-.M. 
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-111 a 
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Ad!lll-">|oll 
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0'i‘i7 

!I!I8 

Cut otV 
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, OOHH 

1 0(.;;2 
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li. le.iM' 


II.ss:; 

■ oo2s 

-1 0010 

!C. 5 

Coiiini' -'loll 

1 (-1 

-- list"- 

' 0 0*15 

■ (tM*t 

ill) 1) 





_ 

.... - 


Tll«- 1'‘lull!' -loHs Iin\ )m •']t| ill,', li .it ))• I 1|\ 

th»‘ }.i|< !»• I'•iiL'Inu' i" ili*' "Ui - i n.k- i m !• oi ;ii 'lO ♦» jn i cctif l»y 

th- I \ll UJ^I 1 1]) -ij ill. r\(I< r.lk.- lll< luiMJiT flix*. 

Kii'‘l, i‘<'Uij»iiii lii. tit I'll .1 jii^loit tif tiM jH-r cfiii oj 

the s| I«»kf, III nil ll I'lll 1 "i 1 \ 1 1 1 ' I. 7 I. "IllivlIt lit lll^ 4- f«it I Ilf nit 1(1 ni 

tin* Ifii^th i!i« I ■•nil. ■ 1 iii^ i'"i I'l lilt t Milk, ;i,- umI till-i.ilii' -08tS^l 
foi / i-lii.tinin*' 

\l7+s.o,svi, 

tlOIM M III. h 

- Oil 

Thf tuo .mbit's <«iin'-jHiintin^^ l<» tins .in* 174 <)'10 luinntt-M, 
finil 205 <li ^ici >* 50 mijinl. ^ 'I In itulHtn»ki‘ <.<!•■ j.s iiinl. i c.iiiMdora- 
tn>n, ^l»i< ll 1 m j^itis al ISii tl. m. tli.il ilif .■'luallfr > iiliic nt ihc 

iltM's 111(1 ctiriu* jiit.i tilt- I veil' unlfss *{»»0 ..Miil. lOil the 

anj.(K* mav In- ItMikfii upon as l>t‘loM|;tii^'' to llie jm vmuh oiitslrokf 
nn«l It ^ivfs thf jinml .0 w iin h rtuiipn sK|.,n fak« s pl.icr Tin* <ifh‘‘r valu(* 
of till* an^lo \H 4‘\iil.-ntl\ an iii)j>«C'*'i1>li‘ oin- fui tin* cn-nt oi n/juproKhion, 
wnoi* It would have to (aki- ]dai*" wlnn ila- uank had tuiiifd tiuoiigli 
on)\ 2') di'grct s .50 nnnutt s ti.ini thr I HO di ad point jjosM pm 

ilie v.ilvi- displat tlinmi < ..m sjxjniiing lo llu" < onipn ".ton angle ih 

a - ->(154 + 120) 

'A eo.s S(j = 0 21 iiK h. 
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BVoin Table 1, the si^n t>i‘ the valve displacement at compression in 
the outstruke cjcle is iiegative -whou the exhaust ia]) is positive. There- 
fuie, since the of the (iisj)Iac(*m<^nt is hhre positive the exhaust lap 
IS m‘g.Ui\e and would be sot out to the light of the vortical centre line 
iu thu^alvo diaghiiii. 


75 The design problem. Clnen thft ni.iN.iiimin ]jort opening fur 
steam, ir, the lead.i?, tlie positiou of the pi>toii ateui <»rt, and the ratio 
of the h'Ugth ot the eounechng io<l {*> I he ci.mk, find llu' (STentrioity,r; 
th(‘aiigulai adiaiiec,^, and llio stoain I.ip, L. Assume positive lotation 
with outside aduiissKUi. 

B'lrst, fm<{ llie Clank unole conespunding to the given cut o(V from 
ocjualion (“>), Allah* 71, oi lead it Imuii a pi-'tou ciiive diavvii with the 
pioper iMlio of Clank to r*'d 

The ]»!o]>Ietti iH now leducfd to the liiidiiij^ of r, (p, and L, having 
given ir, e, and do. 

In this ease, the constants of the di''placoment cnivo have to ho 
found, HO that in tin* liiht jiisi.nno tlu’ unknovvii tpiantilie', arc ..I, li, 
amf L. li\!UiiniiiiL; the data it will !»■ p 'm 'uv* il i h.tl it i'' iml possible 
to find *1 and IS ti"m ((piatinn-, (!)), Aiiieic 72, Imt that (here is a 
ri'lation amon;tst the d.ita, fioin vvhnli a Ihiiil eipi.iiiou c<ui lx* huined. 
This lelalion IS (d)taiiied fiuin the tael lhat the steam la}», added to the 
ina\iiiimu p«»il opeiuni;, is cijiial lr> tin* oeeciiliic ladms. Biipialion (3), 
below, cxpiesscs (his m tcims ot the unknowns A and If. 

ConM«iciing tlic instioke cvclc,soh-ct the pall ot v.ilues fioniTable2 
cories[)onding to tlic <h‘ail point win le d — 0 (’-nns* the tuioiiie is to w(>rk 
with ontMde adnussion and the ciank .sliall is (o turn in (he p<isitivo 
direction, a; is ot course* m^ativc), and insoit these in eipiatioii ((>), 
Arlicle 72, ihiis toimmg eipialiMi (1) 

Again srli'ct the values of the cooidmates at cut off fiom Tables 1 
and 2 and ni'-eit, these in 4(piation (ti), Aitiele 72, Anting p lor cos d^ 
and q for sin d,. and eipi.Uioij (2) i-- formed 

A, li and L ma\ now be loiiml tiom Lhex’ thiee .simultaneous 


e-iualioiis 

-(/. + 0-.I .(1), 

-A = .ly)-/“7 . . (2), 

/, + ir= \ .■i'+yi'-i .(8). 

Eliniiiiiitiiiy' L fimn (8) .mil (1) .mil ‘■ijiianiij; 

— ‘2Ab-H—h’, whirr b is wnttcu fur I 11’-e) .(4). 

Eliminatiiii' L fiuiii (2) mill fl) • 

A 0 


.(5). 
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A from (-t) and (">). tJn'ro roMiiltn a (jiiiulmtic in li, tlio 
'solution of which is 

t \ '2\y i \ -p'toy^yc) 

' (i-/'r ' .’ 

A solution of this is tllw.n-' jiKssiMf. Mnn- Imin tin* natino of a 
valve ^rar e la alwav'^ than It ami /» isalwius loss diaii unity, &o 
that the pnKluct under (ho root is aluax^ posiino 

HuMiig found // from (tl), A can Ik li»iin<l fiom (a) 

Two \aIiK*s <d }i wdi he givi'ii hs <<»). hut suns liy thr i;i\eu data 
<f> is hetween OO ,ind iMtl do«(r (<Ji (that is sm^) musi, l>i- poMlnc, 
thoH'foiti the |)osjii\e \aluc must In taki n and liiis iijm-iIc< 1 in (ri) will 
give the jmjjH'i value of A 

The siram la]» < an now he eah-iilaled I'toiti e<jimiioii 1 1) 

The eer-fniin ladiiis r. is<<jii.d to JP. 

The nuiik in'al \aliir ot tan ip is toiiiid liom 

, 

KJO in jilt’ — 

Ivel the data he, 

I>i ad - 111 ' hes 

MaMinnni for ‘•t< .uii - 1 in« h 

(’rank an^Ie at « ui oil ^ 12lt doLiiet*., that 
,us/?-=-Or, p, 

'la d (Mill) — Y 

Morcovei, kiipposr tie Liank hliall is to lain ni the }»o^iii\c direc* 
tion, and that .st<aiu is to he adinitli li at tin outside oj ilo* valve 

Inseiling the ahove valin-s ot p and y tn (h), 
li ~ + V(y\^) or —<l57li 


Suhstituting the p«'sitise value i»f li in (5), 

Using A in (1), L the steam laj> IS louiul to Ik* 089.' inch. 
With this value ol L in (8), 

OHOo + 10 = 1 S0.'>, the eeeentnr latlliis 


The numerical v .due of tan <f> is found from 


The angle corresponding to tins w 58 degrees 24- minulc'S. but 
because ruUtiuli is to he |KJbilive, and steam is to he udmUted ut the 
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unlaid,■ I]f dll' i*Ur, llic iin^'lr Ill’s lii’lsM’cn DO nnil IHO iti‘giw!> (si’c 
V,g. Ihcit’forr Its actual \alu«‘ js 

]>; 0 -r)H 24 ininiitrs-121 (Ti'grccs 36 mimifps. 

Thrv (‘(juatloll', hi»]4l t<il positive <,1 lu tj.ltivo lot-ltloll With olltsSldu 

a(linishU*n 

If posiinr \uliicK of t Ih‘ displa' rtnmr .nn* n-'-d iii i'(jiiiiti*i!H ( 1 ) and 
( 2 ), till' si^ii ot (‘ 111 (5) Is < h.mgi d, and ihr sitrn ot the lirst. tciiu in ihc 
numeiatol ol di) is {handed |o ihhiuh The »Mpi,itions then liold lor 
posiiheoi neo.iii\e lot.itioii uiih inside admissiiiM For‘■cut ort’’at a 
given fraelioii ol the slloke it H onl\ llecessaiv to solve the eijuatlolis 
lor one seiting. positive lolalion uith •mt'suh .idiiiis''ion foi iiishince, 
ksMuse the iiiiint Ileal \alues of .1 and li are the same for all fair i-ases 

76 The Meyer gear. So (ar .is ih*' maiti is roneemed, the 
c.ili-ulanons aie in.ule m e\a<tl\ the same \\\[\ a-' loi ,» .simplu geai 
The new problem h to t'md the setimo and the lap of the cut off 
blocks, or plates, so that rut ntV nia\ lak'- plae«' .it a staled I'niclioii ot 
the stroke Jn oldei to do this, the dislaiiee. f. of (la exp.insioU plat* s 
from their centml position wnh leg.ud to the main \al\e mtisl be fmnd 
in terms o( llie ciank angle 

TiCt ?*, (f>, be the eei rllt I h It \ alld 1 lie ailglllai .uKail' e lespect |\e]y. of 
the main eceeiitiie sheave. alld/•,, 01 the i-otn spunding ipiaiitities fu* 
the e\{)ans|oi! n-i mH k s|i, a\e 

Then the (bsplacrliielif of till' Ml.nil \.d\e flolil its ei lltial position. 
IS given hv 

/ ■- / cos (tt + <^\ 

and .r,, the displa<em«nl o| tin- txpiiision plafes hom lln-ir central 
^KlMtlOll with legaid to the cvlimlel, 1)V 

.r, = /,< o-^('^^ 1 0,1 

Expanding llies,> .in<l wilting geiieiallv ^4 f<u ?eo^^ and 2i fir 


rsin 0 , they hecouic 

.r = ens f? - li sin ..\ 1 ), 

Ji = .<4, CoS —/hsm tb. ... (2) 

The dkpkii'eminl. of the exp.uision pl.ites iiom then central 
jHKSitiun With leganl to nmin valve, i.s given by 

f- . 1 , - .(• = Tcits — 7>sin . (.3), 

^whero ~ d = r, co«0i — reostp . (4), 

/) ~ Jii — 7? = r, sin 0] — 7 -.sin 0 . .(.5) 


Multijil) aiul diviile the iiglit side oTequation-(3) b} \/0+ DK 






^ \ f '■ 4 1/ {> 0 I ,1-^ \j/ ■'IN ''111 ), 

wllicll Is’' 'jIIIV.U<'lll to 

s ^ 111> (^ J j ) /> I "• I I .. . ((j), 

ill lhis I <{'1 >1 i<iit I-' ] III infill,ii .i<lv III' I <it iiiiiiM ^,ii.ii \ 11 '( oiH 1 ir 
bllr.iM' ot l.t'llljs ff - S ♦'■ -1 h 

win tl tin «lllll< II loll' "t' til' “-It 111 ^l\'M t ' illl'l /* I ,IM 1 h' caicu- 

I.iImI, ami lioin lliini f) .iml ini\ l»' loiiml ami mlimimTil into 
Mjii itioii (III Tin n, })\ Ill' 111 - "I {III 111 l>t cal'111.il' il lor any ^i\nn 
\alim'll Jt II ti.i ii,( Ml’ nil II.L'!' "I till'I laiilv, 11ll lap of 

t!a‘ '‘III oil jil ii. s ( o|jx|(l. |, ,i III i..ii to I li' jiniN III 111,. iiKun \a)\c, 

Till' I*!]' is jio-iii\n uiiMi /. Is nniii'H' lih L;t' il't fliaii a, mnl 
ni'fativn \siinli js mum in Jl\ li'", tliail t. 

To in.ikn im.'ot . .jiiation (ti) in III' '!•'Iljii of tli' ml oO plalcHainl 
ailjii'tiii }',11 tIinpiodSH i' lii'l to I III III.ill- til. lalih's of thiM-rank 
atiolns for ( 'll oil .it, s.n, Ifi, 2'). ‘it), 4i). .Vt I'.O j.. i -. nl ol the stjoko, for 
Imlli tlir rv'li' anil tlnn ti'intj tln'i in (<)}, iimt tlm coricHjforKliTig 
\aluof» "t Til' sc lalin s arc lli. u 'ji. ci i\c lajis n ijiiih d tor ('ut off nl 
tlic fmctioii'j of iho Miokc Irnrn uhn li (iio flitl' lent \alm s of the onmk 
anglcH were calcnl.itpil 

Compaimg (Iicmc vain, s of it will )«• toiiri'] lhat to s<-(’tirc ptjimlity 
of cut oil at a guen nt.ig'- oi tlic stioki* tlm lajis niust Im different. 
Tli»‘ gear can 1 h- s* t to allow tins diOcrcnce in ili*- laps, It will nUi Ic 
found tliat tliw <]ilicr» nc rMpiiti-s l.o In* (•liang(.*<l I'lr ea'h <'ut off, to 
fH‘f*urc cqiiiilit} all tlir^igli tin' r.ifigc tak* n Tlii' of eoiusc cannot H 
amingod for, Ini.uise tin \nK'- can only ho net foi om difference 
between the lajis. An c\aiiiplc will illiiKtralc tlm way of using the 
equations. 
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77 . Example. Meyer gear. The follnwing are data frein an 
engine fitted with the Me^cr cut off vaho. 

Ratio of the length of the connecting lod to the cmnk, 5'5 n 


Eccentricity of iiuiln g<‘ar (Tcentric, I '>" . r 

Angular advance of slicavL*. llfO ilcgrees . <ft 

Ecccntrn-ity of cut utV sheave, I 5" .*. Ti 

Angular advaiict* of cut otf sheave, ISO dcgici ^ . (^i 


Find the lap of the cxjuuisum valve so that cut off m.i\ take place at 
10, 20,30, d(l, TjO, or (10 per cent of the Htiokc. for both the instroke and 
uutstroko c\clts, mul deduce lioin tie sc laps the last setung ot the 
oxpanaion valv**. 

The fiist stc[» IS to calculate the st-in s of ciaiik aiigh s eoMosponding 
to tlusc given tractions of (ho slioke Theso uic to he (omputed hy 
moans of etpiation tO), Ailnle 71, the numlH'i.s then* mtiodined being 
those f»>r a connecting md 5 5 times tlie longth of (he ei.mk. 

Tile details of the cah-ukilnai aio Si-t out in the following (ahh* It 
may bo ubseivcil lliat vvlien tin* dank angle cuiicspoiidmg to a stated 

TAin.E 4 

The (‘yank tuiiflr 0 is fimml fnun co.v 5 o — \ lU — 11/*. 
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pUton prtsitinn has Ihvm fminil f>r thi‘ iiisfi'ciki' rvolc, nnj'lc iii the 
oiiUtrok<* c«»n< tills imsition ispm'n Ii\ Tho 

angles louiiil in tins \\a\ .m slioun in liif nght-h.uid rolnnin h| (ho 
tiihlo. 
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The right-h.ind oohimn gU' s iho dilh hot w-on iho l.ips ri‘'|niied 
tu gi\c eipiallU 'll cul ort .it (ho slah d (raolioiiH o( dio stiokc*. If the 
loiiglh of th'* \al\o spiiidlo is adjusti'd so that lUion the cut off w at 
20 jHT cent ul the stroke dio Lips on iln* lulvu arc ddS foi th** iiihlroko 
cycle, an<l 0:)2 lor tlw oiitstn.ke vy\r, tho cut oft.s at 10 and 40 |)er 
cent will Ih-itoarh oiflalisid, and at 20 and dO (ht C'*nt thov will b? 
exactly oipialised Thu inoijiialitv at 50 and dO [*' i cent, must bo 
accepted. 
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Till' cut off W the main valvp in thp cnf(inp from which these data 
Imv’c ht'i'ii tak<*n ociMirrnl at 70 per cent, of the btroko in the outstrokc 
cycle, nnrl (12 [a-r cent in the mstnike c\(h^ This inequality was of m 
nionieiit, iH'c.viise the cut off tor the noinial cunffitions of working was 
])e(\v(*en 20 and ffO per cent. 

The main vaKe was set with unequal inside laps to eipialise the 
conqiression points Uelease by the, mam ^alvc took phu'c at 945 pel 
cent hw the outslieke, luul !M) jMT cent, hir the mstroke. 

The eii;^ine was indicaliMl. and (he jiair ot’oaids corresponding to any 
cut off 1 m (Ween 10 and 40 pei cent of lh«' stroke were not sensibly 
different in aiea 

To find the* M'locity of cut otF. the \eh)cily <»f the e\[)ansion \alvc 
iiHiht lie caleuhileil uith i<‘ganl to ihi* mam vaKe Thus, let r, be the 
actual \elo(ily of (he cut off' val\e at any instant, and e the coiie- 
spondmg \elncit\ of the mam vahe. then the \eloeity of the expansion 
\alve ii'lalive lo the mum \uhe is 

f, - V 

This may he ealnilated hy using e\[iies’'iiin (11). Art lele T‘i. to find the 
\eioeilies s< p.ir.ii,‘l\ hilt tin- most expi diiimis w.iy i.s tt» iliffeientiate 
(‘Xpiession (0) with \i g.tid to the lum*. eht.imiiig 

7/~ — 27ra p sm + xjr) . (7), 

7} heiiig ihe \«‘hi“il\ <»f th(‘ expauMoi) \al\*' willi repaid to the mam 

It is ms(iiir(i\e to e \!(‘ulai<‘ t h<‘ \elui‘ii \ eoin-spunding to the several 
cut olK i>( tln’ ins(i(il\e cv'le giM n m Table 4, wha li T.il»le gi\(*s also 
the se\eial \.din's of llm crank angle 0 leqimed m tin* eonqaitation 
'rile lesults are shown m llie following T.ihh- (J Tin- faetor with which 
the figmes m lln' thud column must he mullqiln-d to gue the result 
111 feit pm M'coiid, when ilie ciauk naikes 2 levohitious per second, 
is p 2;r/( — I ;{2 

The minimum lap ou tlu' inside of the bhicks iiia\ also bo calculated. 
Kcferring to Aitich* (15, it will bo remeinl)ere<l that”the blocks having 
boon adjusted to’their maxinmni distance apart, (he minimum inside 
o\crla]) is given by the expiessiun 

u - z, 

It being lh(‘ insah* oM'ilap whim the blocks occupy thoir central 
position with regaid to the mam vaKo, and z the greatest diminution 
of u due to the motion of the blocks with ixganl to the main valve, 
z is in fact the maximum value of f. Heiico the problem is reduced 
to fimlmg for what crank angle 0, 

f “ p cos ^ ' 
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18 fi maximum, and this in evidently solved by making 6 + (‘ijiod (<« 
0 or 180 , givim p^the maximtim value of Ib'iico the itiinimiim 
overlap w always gi\i‘ii by 

H-p 
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78 Cut off plates, Ydmthle travel In this cose, 

the lajp of ihe txpujMoii \.i)\e j.s eonst.oH are) the cut off is varied 
by \ar\ing the ti.ivel "f thi- v.iive in the wa) ijii|j<aleil m Article 67, 

Fig (i:j 

Ijet r,, be tlo- ec(‘eiiincjt\ and Jiiigiilar ailvanre of the expansion 
(Wi'iitric, ,'ui(l r, the enire-.iicmding iju.iiitit]iten the nimn iaive, as 
in tin* l.Lst .irticli* TIn*n tin* hall atnike at tin* ex|).'irisian valve is 
given hj //(/,, ftln-pe m is the rain* (/ c tSei Kiit 0*1. The e\|tression8 
(1) ai^d (5) ()l Artieli! 7(i licconie 

(' = lai'i oiw <t>i — r eos ^ = niE — E .(1), 

L= mi , »m <l>,-r sin i^ = mG - II .( 2 ). 

Hence to find m sn that cut off may take pl.'U'e at a giien fratlnm of the 
stroke, ealciilaU* the corn spending value ot the crank angle 6, write L 
for f, and find m trom the eijuation 

±L = ^E - F)cosS- (mO - H t *-10 0 . (3); , 

the transformation of ^his etpiation into one giung the < lemcnts of the 
imaginary eccentric is earned out 111 the same way .is for the Meyer 
gear, Art 76. 
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79 Preliminary, fl Hu- ci.mk s!i,dr ot :\ stuir!,. rvliiidt-i doublo- 

'.•Ui'lllr ^ hinii'd mrn mir tin' )los|tlnMs \vlli-h- tlli‘ jllslnll IS 
at a d<Mil till- ^l<.iui poll will li.^o .1 (‘cii.iin Miiall 

Im-.ulth lit upt-ninij wlin'h h.is .ilir.i'K I*'i-ii (Iihn<«l -is ihr lead. 'I'hi' 
motion ol tlio piston liom ihis ili.id jioint aloii^Mls stiol\<‘, ni.iy I'oiio- 
R])on(l to .1 luotifin of the ci.mk in I'ltlni "I iw.. iliit<tions, n.uiu‘i\, 

clockwise <I| ( lillllteii'l'ickw lse 11| W llli’h o| t ||i se 1 Un <||| ert lo||S t lie eilUlk 

shaft ^mII liiiii (“oiihiuioiisK wlnn sieain is .i<iniiiie(| min ihe (\hn(ler 
>mI 1 (le[M'tnl upon the seltllli^ "f dll' \.ll\e ;;c ,ir It Is 1 .|s\ to (leeidi 
in which (liitetion die sie.mi mil di i\i .in 'limine }i\ tiuii;^ in which 

dn\‘ction dn* cr.ink sh.itl. iniist Ik* fniin-d to iin'ie.ise the Ine.ulth »)f the 

opciUllLj !o| stiMiil .IS die piston le.iM s the lle.ld point III other woidu, 
the dncctioii ot lotation ot tin I'l.ink shaft wimh causes the lead to 
inciease, is th.it in whieli the « n^iiie will inn coiitimiou.sly when steam 
IS a<limrt<Kl t<» the <'\liinlei A mon* mnei.d wa\ of < 1 im imnnating 
between the two diieetioiis of Mtiariuii 1'^ to pl.iee til'' pisioii at a deml 
jKiint and ohseiwe wliieh wa\ o[ uliiuni; incMMses the 'tisiaiice of the 
\alvu liom Its eeiitial position The <lii.ctjnn in wlinh the .steam will 
turn the eiank slialt is that wliieh piotluets an men .ise of dn* vahe 
displacement tioni its eential |»osition wlum the piston ns moviip^'' from 
its dead point 

Definition. A valve ijj'ar wiiosi* settiiij^^ can be n'lidiK alteieil so 
that it chanj(es the dishihution ot steam In the \al\i‘ in a w.\y which 
jeieiM's the motion of the erank shaft is called a reverelng gear. 

80. Hand revening. Slow sjH'od <*iiguus which uui normally in 
one ihrectioii, but which occasmually have to'^W reversed lor a few 
revolutions, aie sometimes fitted w'lth a valve gear which only defcor- 
mincs the. turning oi the shaft in the normal direction. The valve gear 
is de.signed so that it can readilv be ‘diseunriectcd ^in the valve 
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hjmikIIc, and }irrang<Tn<*nts arc niada whcfcby the valvo spindle can bo 
opiTuti'd by hand. The engine-driver c.in then cauno the engine to 
mil m th(‘ rcvcTHe <lin‘cti<»n by giving a suitable motnui to the valve. 
The sjM'ril inUHt be slow enough to enable the engine-driver to follow 
the niotitui of the juston, either by \NaUbing the oiosshead, or by 
watching an indicator placed near tlie diiviiig phitforni showing the 
motion of the luigine ciank or the piston. TTsually the valve is driven 
through a locking h'ver, the vahe spindle being connected to it at one 
end, and tbe end «»f llie ecceiitiic rod being h<«ike<l on to a dining stud 
at the other i-ml. The eiulof the ircentnc lud e<tn be lifted off the stud 
and placed so that it slides b.ickwaids and buwanU without moving the 
h'ver. The valve ean then bo opi'rateil by haial by means of the 
rocking h'vei. This ls the principle ot the hhuIukI (»f reversing in 
general use on tin- large Aim-ncan river stc.uin'rs winch are fitted with 
beam engines Fig. 70 shows the diiviiig platfoiin i>f the engim-s of 
the padille steamer “ Finitaii,” belonging to tin- Fall Ki\«‘i line, running 
between New Voik and the Fall Uiver. The engine is ot tin- compound 
comlen.smg type and can work at the late of 7500 Inuse power. Each 
paddle wlns-l is JF) teet diameter and weigiis 100 tons The beam 
alone weigiis 42 tons The high pressure cvlmdei is 75 inches diameter 
and 9 fi-et stioke, the low' pres-^uu- cylimh-r is 110 inches diameter 
and 14 teet sln>ke A lull di-sciiption of tin- ste<nm-i and the engines 
will he tinind in JCnijineenuif, Janiiaiy It), IHIM. The illusti.unm is 
repiodiiced iieie (by the eouilesy ot the cdiLt»rs ui' iJngineeniKj) in order 
to show that even laige engines c.in be woike<l m the u-vei-se direction 
by hand att«'r lifting tin- < cceiitiie lods out ot gear with then respective 
rocking slmtts The valves themselves are actually lilted by a small 
supplenientaiy engine whose action is coiitn'lled by hand levers which 
aie seen at the centie ot tin- driving^ platloini Fig 70 

The gab i-nds oi the eceentiic rods and are both shown lifted 
out of gear with tln-ii resjK-ctive pins i\, 'I’he mecliainsm by 
means of which tin- light lod is htb-il off its pm ami supjxlrtcd whbn out 
of gear is scon at H The dial on the wall to thi- right shows the 
position of tin- crank and indicates to the engineer the proper time to 
operate the valves. 


81. The loote eccentiio iheave. A loa^o occcntric sheave is 
empk»yod when an engine is i\H|uired to run Continuously in either 
direction ami is to bo reversed by hand. 

The arrangement depends upon the fact that thye crank shaft 
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drivc« the eccfiitric shomc so that the (irniii^ jjn'v^ure, oxcrti'd In fhi* 
shaft on the Mho.kve, is tnuiMiniU“<i thron^^h one ti< <‘ of* (he key for one 
direction of rotiition. Thus, 71, so lon^^ as t)ie shall is turiiinj; in 
the din‘Ction indieated hy (he .uiow, u <in\es (In- eeeentiie shea\t* 
thnmgh th(‘l.ie<‘//of (lie ke\ SMj)|M)so (he |>jut Inhim! ihelaci'C/^ 
of the key l-o be cut awa} as shown, then, if themnk shall is tiinieil 
in the u|)|»i*site ilins'iion, the s|i>';i\<‘ will not nio\r imtii tin* l.uv VI) 
of the key coines into i‘oiiti«i with ilio einl <il (»f the etined slot, and 
if this length Is so jiiopotIloiii'd that in the now ]>risition of the 
hhe^ive the an^^le between it and the n.ink is eijiial to tin* .iii^nilar 
tui\an(*e lei|IMle<i fol the U\else <llle(l|o|i ol l[UUIIII^^ tile slu'aVe Will 
^nv(‘a motion to the\.live such that the ointinr will lun (ontiiiiiously in 
the revv'iNe diieriiun To ^^et the ciank shaft (o m.ike tins siiiall 
reverse anoiil.ir nioveinent whilst theshiuve is .»t lest the eeeeiitiie nsl 
must.he dis<'onne<-ted hoiii the \.il\e sjundh- and tin- engine leversed 
by hancl Jiuinediat'1\ ('h is m dii\iMt( <‘oMlai*l with i)u‘ slieave, tin* 
ecceiKiic rod may be diopjMil into eonneiiion wilh the \al\i spin<l]e 
a^^ain, and the en^nii'- will < •ntiimi* to mhi in the levejse <l}i(Mtii»n. 
Fig. 7i Im l( l\ shows the piiinijde on ulm h the h'o-.e ccr-elillJe is 



Fig. 71. Fig. 72. 
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arranged In the* jua'-lir.il ap|dieatnin of a loose sln-ave it is always 
desirable to add a iulance weight so that the- sheave* will not teuid 
to turn em the* shaft by its own we*ight It usee) to be the |H.ictiCe t<) 
form the driven faee*s on this bakuice weight as inelienteel m Fig 72, 
where the weight ih shovs'ii bolte'el tee (In* sh»*ave Ai'Dli is a circuiii' 
ferentia! key secured to the.* sh.ift, audit dnves tin- Hheavi* by ceaiUe t 
with either of flic fate's AH and VD. • 

This method of reversing wits ustsl exf<*i)sive*ty on tin* eescillating 
engines of paddle Uiats Several tim* iiKMlels of M.mm* Engines in 
the South Kensington HuHeum ai'e titteil with tins gear. A loose 
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I'ceoiilnc wus usi'd mi cm tain comjxmiid Iwmiiotivort dosigucd by 
Mr F. \V \\{ Ml t(n ihc tmftic of tin* ly>n<l<m and North- 

Wcst»‘tn K.ul\v,i\ (’onijKUu Onr of ihosc cn^nos, “.Ioann* Dejvns 
in dcxciibod und illufttiatoil in Kmjmetitmj, .Inly 25, 1890. The 
two ln^!i jiU'sstno i\hiidms ot lliis cn^nrn* <]n\e mio a\l<*, and the 
vaho dihlril)iitin>( llio sloam to <Mcli c\lmdor is nio\«*d by a reiorsing 
gear (»r a l\[io to lio oxjil.unod jn a Liti-r diajitm. The hinglo low 
pressiiro cylnuloi diurs a hec<ind axle, on winch ih placed a loose 
ecceiituc sluM\o lor the purpose ot opoi.iting the slidi* val\o The 
luveisal of the engine h elloctcd by the high prc'sine cylindeis and 
valve gi-ar. and .i liactimi ot a n-\oliition <it the low jiiosmiio axle in the 
reverse diie<-lion bungs it into contaei witli ihc sheave in Hie angular 
position nece5..sai^ loi tondniioiis iiinnnig in the leveise dm elioij. 

82. Revers'ng gears with two eccentric sheaves. An obvious 
way of constructing u leveiMug ge.n is to piovid'* two ee(entii<* slieav<*s, 
one ki*yc<l to the mank sh.dt at the ungiil.ii a<Kance pioper tor [lositivo 
rotation, tin* othei keved at tin* angle foi iieg.uive loi.ition, and to 
unange the two ctt^iesponding iKentiic lods .so that, tlu- end ot eitluT 
can bo coii])h‘d into dining eomieetion with the hr spmdle, whilst 
the mid ot (he other, tier hoiu ativ Colineetloll Willi the v.dve spindle, 
moves ldl\ to .Iii'l flo. 

b’lg 7.*1, a diagiamiiialie .sk< (ch nude fioin the iii«>drl of (he loeo- 
inolne “ Aiisli la " in llieSoiilh Kensington .Museum, illiisii.iie^ a f’oim 
of gear usid h\ Noiiis ul l*hila<lelplii.i in 

'riu 'le are twi) lixed eecmtiic sIumm's, iiulicati'cl by iheir eeiilie 
Iiih'S onU, kevtsl n spi-mnelv in the positions nvpnieil ti»r p'*sitivo and 
negative total loll It mav he noticed incident.dh tlml the nitiiKluetiou 
of the locking le\<i T, l>e(vveen the eiul of the ereelidic lod aiid the 
valve h}undle. nspuies that the cccelilius be ke\e<l ex.u'tly IHtt di'giee.s 
with tlio positions for outside steam admission with dmst (smneetum. 
(See Fig 85, below ) 'I'ln* mid of each cccc ntiic rod ls hejil up by a 
pair of .suspi'iisimi links, one of each pair, S anil s, being .seen in the 
figure. These links aie fiee to swing about the centre U, thu.s guiding 
the points /v, e, of the ies[iectivo eccentric rods in circular paths, whose 
centres are at U. Foi long suspension links und small angular motions 
the paths of the jxunis E and e ate not gn'atly ditVeient from straight 
lines. The ceiilie, 6b is at tin* eml of an aun, Imgeil solid with the 
shaft B, usually called the “ wmgh-lvvr shaft," which can l>e turned 
into either of two positions by the lever R, about the axis IF, which 
axis is determined by beamigs fixml to thw engine frame Thus, the 
axis U can be ti.xed in either of two positions at the wiU of the engine- 
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driver by means of the, reversinfj lever R. The end of each eccentric 
rod' is foriiicd into u V, or gab, the bottom of which is shaped into a 
recess'fitting the pin P round half of its circumference. The pin P is 
earned by one end of the locking IcK^r T, the othei end being connected 
to tho valr<‘ spindle V In the figure the pm P is reci-iving motion 
from the upper eceoutric rod T<> leieisi* t|^e motion, the lever R 
IS disengaged fioiii the slot, holding it aiul jmlled back into the 
slot Q, tiiriHUg (he wejgb-bar shaft about the fixed centn‘ W, so 
that thi‘ ceiitie of sus[»enHioii h brotiglil. to 6",, thereby lifting the 
upper eccentric otf the pin V .iiul hnngiiig the lower eccenliic m 
connection with it 

Many foiins of this kind of gear wen* in use ahoiit this time with 
umny vniiation.s in the mechanical details b\ means of which (he 
c«nn<'ction of the eci-entnc lods to tiie \aKe spinille XI,IS controlled. 

About the yi'ar 1840 Sleplimison introduced (he fain shown in 
Fig 74. Here th»‘ gabs are placisl dueclly on tho x:iU»‘ spindle, the 
ends of the eccentric nxls aiv conneited b\ tlu- straight link L, and 
one pair of Hiispeiulmg links, one ot xvhu'h, X, is sn u in the figuu*, serve 
to hold up and to guide the motion of both ends of the eccoutnc rods. 
In the figure, IP is the ceiitn' of tin- x\eigh-bar sli.itt, 1', one of ihe twr» 
])08Slblo ceilties ot suspension, the Idock winch receives Ihe motion 
fnan whichever ecceiitnc ro<l is'in fje.u with it, and li the roil leading 
to the rexcising le\<‘r <*ii ilie foi»tplate. 

83. The link motion. A slight cli.mge in tin' mechanical 
arrangmiu-nt <d the gear shown lu Fig 75, made m 1842, resulted in 
a rexersing gear «)f e.xtraordinaiy fitness ha locomotive working. The 
change,iw will Im‘ sci-u inau the figuie, is iiierelv the diiect connection of 
the vuUe spindle xvith the link L wliicli holds the eiuls of the eccentric 
rwla apart, the link being now cnr\e<l and slotti'd to permit one or 
other of tlie ends of tlie eoceiitrie ixkIs to be broiiglit as nearly ojiposite 
tlie pin P as possd>le. In the turning (‘f the weigh-Kir shaft abiyit its 
6xcd axis ir. Tins ehaiigc is attributed to Howe, at the tune a work¬ 
man in Messrs Stephenson’s employ at tluar locomotive works at 
Newcastle.r Both figures, shglitly alteied to show the suspension 
links S distinctly, are taken fnim Locomotive Rnifineervn^ by Zerah 
Colburn. For some remaiks relating to the invention of this motion, 
see Link Motions and Kjpanswn Gears by N. P Buig. I^ondon, 1870. 
Tho arrangement xvas iwlopted by Stephenson i^ud the gear has since 
gone by the name of tho SU'pheiison lank Motion 

This motion, m addition ut bc-ing a rx-wersing gear, is also a variable 
expansion gear, for if the point of suspension of the^lmk is fixed at 



to] ttevemug dears. tM Motiom 

some interrac<^mtf jxHnl b<‘tw(‘en U h»iv, the jxu’nt P 

will receive a motion coin{)oiuul(‘<i of the imttion of Utth th(‘ emis of 
theeccontnc rcHK* and thi^ eoin}»uiind motion i** \<’rv niiich the Mime an 
the point would n-ceive if K had l>«‘on eonnoeted dm*fth to an imajji- 
nary emiitrie nxl, diuon h_\ an im,ij;inai\ eeeentiie she.i\e IiaMiig a 
greater angular ad\aiu'e than eiflo r of th<* actual eironlrie •^Imnucs 
and a flinaller radiiii moi^o.-r it also Jiappi'iis tliat the displacoment 
curve of the point P in this intt’iini <li.ite p«'siHnM is '‘in-h, th.it with the 
Hame lap on the stidc \.d\e uhnli is ii-<|inied for .1 ptopri distnluition 
of steam in eitln-r of the <-\ti<‘me pnsiiion4. a phi]H>i disinhution of 
ftti'am can he ohiaim d f-r iliiv iiu( I lie eiu;me with ;ui eailni cut oft*, the 
|H)int of cut olV (lep.'iuling upon the pusii)4in of the p<*mt ol suspension U 
Thus the link motion w.ls a liapjo .solution oi the prohleni of 
arranging a eoiueriient re\eisme geai, .iml a most li.i])p\. though 
foiluitous, si.liitiohttt the greitoi piolihuo ot di Milling a simple gear 
by means ot winch e\paii*>i\<' woiknig was jH»ssihl<> Theie seiuus to 
be some tloiilit win th« r tins < noimously salualih' juojierly of the g<*ar 
W'as <lis<M\eiejl :il oH'-e, oi wlullmi it flaaii'd Upon (he iisoi’s and con¬ 
structors of (he gi.ir gi.elu.dly It was |iowe\ei thoroughly understoiH) 
111 coiiim' ot time and engnieeis toiind lliemsjl\i's m possession of (Uio 
ol the most he,nittltil imch.tnisins om-i iiueiited 

Once Its pii'pt ill's woi«' kiiown n was ‘aiefully exfunini’d as an 
evp.insive gear .uid oIIh 1 |oiins pi.ij»..s. d sailing (o a gieater or less 
degiee lioiu the otigm.il l\po, the niusl nolal>le of these lieiiig the 
(ioo<‘h and (he All.in i\]"' There w n* several other iorms brought 
out on the ('oinnient, but most ol tliem wie m"f»‘ complex. The 
ubji'eU of these dilh-rent mveiilntiis will be ile.scnbeil more ])articu]urly 
N'low. It Is iim.uk.ibie th.tt. at the piisent dav, the majority of 
locom<»tives and iMatine oiigin< s aie tUl< d vMlh the link motnui, alinoat 
in itH pnmitivo lorni, though on the (’oiiimem the \Val.s<*h.wTl gear, 
di"=icnbe(l bolow. is displacing the link motion for l'»c»>moti\e work and 
is being giadualh intioiiuei'd on Kiiglish lailwavs 

The link motion shown in Kigun* 7tl represents a standanl motion 
dcsigiKsi by Mr Holdi ii foi the (Ireai K.»sieni Ituilway Coinjmny. The 
only practical difteieiice In-tween this ge.u and th* gear ol i'lg 75, w, 
that the susj)euding links N (there are two links one hiding the other) 
are jointed with the link at it-s centre (/ The |>oint <if NUsjxuiHion can 
be [daced in anv intermediate js^sition between th<? * xtreme jxiHitionH V 
and Ui by means of tl^e reverwing screw H. The valve Kpiiidle in coii-a 
nccted P) the link by the intermediate valve nxl I, sliding in guidea 0, 
having ample Iiearing surlace 'rhi* end of thi* valve nsJ is forked, and 
the pin P passes through the fork, and a guiding block M, called the 



Fig. 76. 



Fig. 77. 
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inution bifick, which hIuIch in the ■'Ini of th“ link The link slmwn in 
a jxuntnm which floierinine-s |X)siti\c nilalinn i)f the cnink shaft, the 
motion j^iNen to tin* j^oiiit c of iho link hv tho >rrcntnr sh'-avi* piv- 
(loinnmtin^' oxer tin* motion ^nxiTi to iho [loiiit A* li\ (hi* sh< axe 

The wen^ht of tlm ‘'U''jM‘n']><1 tjnm iIk’ point V is iisuflllx 

balanced by a cIko.so \xeii(hl cannd mi an aim |i>iir,-<| solid with the 
xxei^h-bar sh.iM In this ^r.-ai Iuovomi, IIio umi^dil is b.daiua<1 l>y the 
cfl('rt of a f'j'nnii; coiiod on (he w i^hdi.n sh.ilt 

It will be <ibsei\(d ih.il when (he link Is nioxtd hom one I'xtreine 
posituai to the otiii-r b\ the ininiiiLj of ilie loh-b.u .sJiall, tlie axis P 
of thi' in<'tion bliH'k iioisi p.iss the .t\is .it xxhieh the link is jointisl 
xxith the Hiisjniellit^' lods.S' 'I he wax t!ie link is ctinsinniMl (oallow 
this to t ike jil.ii • , .iiid at the sane* t iiii- T. i i nsin e ( hat (!>> centreline 
of the spindle I is ceiiii d xxtlli th* link, is 'hown m Kr^ 77, xxlindi in 
a (Toss Sm lion o( (lie link thlolioh the axis Tin two S|<1<« plectxs 
eaiixiMi,'’ the pills tor (he |omtin'.; ot the siisjiension links aie nsimlly 
Hxetteil to ilii' liiik ilsi ll llx iliis eoiistimiion til'* link and it.s 
suspension is mad" s\ ntiin 111 -al with I'^aid toaxiilical [dano xvliich 

contains ih- .ixts ot ih' spnirlh- /. 

An Aiimihiii d'si_;n foj a |o.onioii\e link motion, for tlii‘ j»ti- 
liculais ot wlinh 1 im in>l<i’i(<l lo Mi M<lnto'li, Sii)i<-i int(‘n(|< nt ot 
Motive* Powii, ('intial Kailload o) \exv .l(is. \ shown in Figs 7!) 
and M) In tht* :,,omial elex.itioii the chain dott.d Imiii*' is in trout 
of the link i^nai full Inns onK b< in^ liiijiloveij at the pait lu'ar 
the cxlinder xxhich snppoils the lorkm^ i«i«i. Tlie end view ih 
l.ik< n looking' in tin* diixiieii tioin tin 'liimnex towaids iht' tiailin^' 
end. Tin ^'.ir belongs to an ( u^nin* "f th* (‘cniial Kailh'.'cl of Now 
Jorx'V and the eni(itie is oin (d' a nnmhei maniifaetnicd for (hat 
Conipanx by lln* Ami'rnan Loconiolixe Fompanx, Diinkiik, N.Y., xvho 
haxe kindlx HU])p!ied the dMUiii^'s. Till MiL(in< IS diixeii lioiii a cab 
xxhndi ia placed astinle ot lln- boihr, so ihal tin' ri*\i*isin^e levi*r w 
attached directlx to tin* xxei^didur shaft xvhosr avis is IF. Tin* link 
IS Hiisjieiided from tin* centre P, bv a sint(h* suMp(‘ns|on rod N. which 
IS M'cn better in tin* en<l elexatmn, arnl it i« jointed t-o the centre 
of thi' link. The cceeiitnc rods arc jointed to tin* link .at centres 
which an* >'li.:(litly displaced towards the driving axle, a construction 
xxhich allows Cither rod to he broiiglit in line with the centre of the 
motion block M, in the extreme positions. St^'.im is taki'ii oii the 
ui-side (*f the valve, jjji that the eccentric sheaves ha\<‘ to be placeik 
as shown with n-gar*! to the mam crank. The motion U«K;k, and with 
it the end ot the intenne<]mtc r(»d I, is siispeniled from a fixed axis -V, 
by the short link fr, the pin which forms the common joint being clearly 
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seen in the end elevation. The axis of the motion block P is therefore 
constrained to move in the arc of a circle whose centre is at X. The 
other end of the rod 7 in jointed to a rockini; lover R. This n>cker is a 
heavy casting of eubstanluil d«'Mgn, the two arms Wing 44ell ribbed 
together. Ite end eleMitmn is slmun in Fig. SO, <lisplacod upwards 
through a distance uh in onl«‘r to show the pails in end elevation 
clearly. It is jilaced itsliale the bar frame, the fixeil pins on which it 
rwks being lM>lt<'d to the traiiu* The K-cond arm is conn<‘Cte<i bv a 
short jNur of links 7, to ihe \.d\e sjHiidle F. The links 0, /, and ono 
arm of tin' nsker, h.dly form a bmr bar rliain, of which the engiiio 
frame is the fixed bar Th-' niln'diietoai of the UM*k(*r eiiabliMi the 
cut off to be e<pia)ise»I at a gi\en fiat‘li«iij of (he stroke in a way 
similar to th.it expl.uio'd m Ailiele (jO Tli** Xiov Jors.-y l•Mglne.s of the 
{‘hautauqna chuss (o \\|uelj this gear belongs, aie a |v>\m ifiil ()pe. The 
grate aiea i'.K2 squaie tcet .iiid tliet<*ial hi.uing sniface 1^2007 sfpiaro 
feet of whieli 174 s<juaie fn-t are ]in»\jde«] by flo- lire bo\ The boiler 
is of the v\,ig<ui top kind, working at a pi* ssure of 210 lbs pi-r wpinri* 
ineh. and (1 h' ban<‘l is teh-vopir, the ilMiiietn at the smoke box end 
being 0' 8". The cent le line of tin Itoiloi is (♦' SV' abo\e lail level, and 
the lot.il length «»1 I he eiignie om-i all is These engines jm- used 

to Work the s«‘i V lee of} isi o\pii‘sses bi twei n N*’w Volk .ind riiiladelphia 
Fig 81 show.s a gi'iieial arrangeiinh* of a link motion tilt'd to a 
maiine engim* It re[ii*‘sinls tin* ge.ii r<*r tin* inierin*s|inte cylinder 
of the port (iigim-, looking aft. b< longing to a <’niiser of 22,000 
horse povi'i*. bmlt Im tin- Mritish (lovoinim nt by .Mtssrs Hnmphiy and 
Timnant The link Ec consists <-1 a s<»lid bar passing thiough the 
Centre of a substmiti il motion bh»ek M, b> mg joint'd with it by means 
of the pm X, whicli is slotbsl to allow tin- link bar to pass through it 
The \ortieal motion <jf M is (on‘‘tr,innsl l>vnsingh‘ guide bar fW'CUrely 
h(‘ld by the braekel (7 Tin- motion bbs-k in tins eas*- is fotmed with 
a cros,s-pieet‘ at the top So th.it it cati be eonms-tod to two valves Thi« 
methoj) of eon-strueimn is peculiar to Mes.sia Huinpbr\ and Tennant, 
the more usual way adopted by maiine eiigiue biiildeis being to make 
the link up of two solid bars with distance pieces at the ends, the 
motion block iKung placisl betwemi them. The * nds of t!w eccentric 
rods are fork»‘d to carry the n*sj) 0 cti\c ends of the link. Hetiirnmg t4> 
Fig 81, the link is susjjendwl from the end e by the suspension link, or 
drag link as marine engineers sometimes call it, cf”. The weigh-bar 
shaft, of wliich the cijias section is seen at )F, rutiH along the whole* 
length of the frame and is common to the four sets of link motions 
belonging to the engine. In order to allow the {sunt of Huspemuan of 
each of the four link motions to be adjusted iudepcndcutly, the joint tf 
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cftrri(‘(l in a alot loriuod in the en<l of the arm WV, tho arm of course 
being ke\e(l to the )Aeigh shaft. Thf position ut U m tho slot is 
contn*lle<i by the hand wlieel F. 
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The weiffh shaft is opt'mtwl through tho lover WZ hy means of a 
small 8l«im engiiu' shown to the left. The mtiUion of the emuk shaft 
of this engine is tninsfemd thnnigh a worm and worni-\sheeI to th(* 
shaft iSf, the nght-haiai end «»l whicli jwisses thnmijh. and is su|)j)orted 
by, journals in the frame F to the < ii^im' stuinlanl The |Hirt of 
the shaft *S whieh is WtvseiMi the journals of the frame F is screwed, 
and engages uith a nut T to which the frame F atds jis a guule The 
rotation of S therefore moves the nut, and hy means of the connecting 
link TZ, tunis the weigli-lmr slmtl A wheel H is gu iind with the 
shaft S, 80 tiuit the weigh-har sli.ift m.v} ho ojHuatetl hy h.ind if neces¬ 
sary. The wheel R also acts .lh a Ih wheel to the snmll Memu (‘iigino. 

The reversing engine, which is list II rev<'rsihh\ is of the kind Khown 
dmgmmnmticall) in Fig I4!t below, ilio juineijili (»f wlm-h is <lescnl>ed 
m Article After ix'.uling that aitide it will he iimleisHMsl that in 

addition to the slid* vahes use<l t<>r the <hstiihulion (»f hic-.un to tlie 
cylinder,a \al\e is ii'ijiujod to mt« relunge the steam with the (‘vhuust 
piiSsage.H wh*-n the sni.d! engine is to he n*\ers<sl This valve is nuli- 
catedat C, Fig 81. and is iiuide ol the pislon 1\|ie It will he ohservisl 
that the vahe sjundh* firun f' pnijecUs hc-low the (\lin(h-i, mid is coij- 
noctcsl, through a hell crank lever with a lever /v, the ujiper end <»f 
which IS conm t ted to a ro<l // h mg paialhd with the sciew cut on the 
shaft S. A nut jV on tlu’ shalt moves sjowlv in its gimles as the shaft 
IS turned, ami m the extreme jmisiImii at cither end of Ks tinvel strikes 
ft Ht«)j) fixed to the hmI, the ilistjuuv apart of the two stops hcing sf> 
adjusted that when tin- laige nut T li.w lo.u hed the luid (»f its tmvel in 
either diiv<*tion. the rml la struck through a small distani'C, sufliciently 
great however to move the valve ('over, so tlut the Ht<‘»im and exhauHt 
possagi's are inU rchangcsl 

In this wa) tile reversing engine is autoniatUMlly leveisihh-. Hence 
when steam is turned into it, the efleet w, that tlu' nut T niov«‘H back- 
warda juhI forwaitls in the. guides F, tlurehy Hwmging th<‘ link con¬ 
tinuously from the full ahcjwJ to the full astern p«;8ition and hack again, 
thus allowing steam to [uiss coutiniiouslv thriuigh the mam engines 
without driving them continuously in the name ilirectjon The cnvnk 
shaft merely makes oscillations, the engine is re.wly howejer to bo 
starU'd away at full speed aheati unniediahdy tht' order is given, 
because to do this it is only necessary to stop the reversing engine 
when the link w in the pro]K;r jioeition. An index F attached to the 
nut AT shows the poMtfbn of the link, and may of courae be graduatod • 
to give the cut off in tffe cylinder. 

84. The general angular podtlottf of the eccentric eheaTM. 

The introduction of a rocking shaft reverses, or does not reverse, the 

10 


c. >. 
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pli;w’ oi the ni"/inn «p/ (fir ttitli n-^ud (o Hir pi>(<»n, accouliiiir its 

thl'ariMX llir lockri .Ur i'll llu* upprsltr. <i Ull (llr saHir, side JIH th(‘ 
avN of llir dl.ifi A^.iiii, (hr [)lmsr iiiiiy lie m'M'INimI In taking stoivin 
■ 'll till' llMdi "t (Ik \.li\r Tfir IrlioWlllg (li.imaiiis s||mW tlir gc'iioiul 
aiiaiigrftiriil nl ilir ^t.u III \.niiii^ (.I*'!' In tliiM- diagrains the 
olisrniT l'' Mlpp''''(i| t'l sl.illd fai IIIL( ihr ry^^itir with llir cvliiidrr on 
hh liK, and ihr ci.uiL •'li.itt on liis iil;]iK .itid (hr ri.ink is on thr 
Odrgua r|rid pomi. ih.U is. tlir pision on (hr dead jioint wlirU' it 
HJIlMt ^oin^ to iu”in tlir |||Nt;ok< 

KiLf 1^ thr iioMii.il sriiiii;^ for Kii^rli^h locniiolivi's whru- sirani 
is taken oil (hr oiii>ii|r n| tlir \,dve and thr ii'iitir of ihr iiiotitiu block 
hs ]oint<'d diiretU l<i .1 (ohtinuatioii ot the \.ilv<' spindlr 

h'l^ S|{ is thr s. Kill” when iit'-ido .uhiiissioii ix iisnl. a nirthod 
HoinrtiiiHS .nloptrd with pisloii \.dvrs, biraiisr thill (hr liixh ptrs>.Mir 
strain IS kept ,i\va\ from tlir elands ot thr steam i hrs| Heir 
thr foiwaid rin iiltir .shra\e is si'l with .i lag .iiid ilm bai kwaid with 
a lag \ 

* If a lorking shall is used in the gear, as in Kig 7th wliieli does not 
rcvrisr (hr motion, tin* setting oj the ei-reiltll's Is Uiialteied It. how- 
I'vcj. thr aims ,ur on opposite sidis ot thr a\is ihr seintms ronrspoml- 
ing irsjK‘cti\rl\ to iiisid« and ('iilsnie aiimissmn aii* shown ni Kigs 84 
and H.') 

In all tlii'se settings ihr iipjirrhall *>l thr link is ns'd l<*i |Hisitivti 
rotation (foi waul iturning),ami this n('l•(‘ss|jalrs ihr rtossing ot the rods 
in thr two r.isrs wlmro tin* rrerntiirs uu- srt with lag 

85 Examination of the distribution of steam effected by 
a link motion. To rvamine ihr ilisuihiition <4 .str.uii rtVcrtrd by 
a link motion, itisplarnmnl riinrs of the \ah(‘ niiist tii.sl In* obtained 
foi'difierriit jiosuions ot thr point of sii'-iirnsiiui, rjiluT by diuwing 
or by im-aris ot a model <•! the grar Each posititp.i of the point of 
suspension is drtrimimsl b\ thraiigulai position in wlmh thr wrigh- 
bar shaft is locked h\ the irvei'sing lr\rr, rr\eisiiig whei'l, or reversing 
engine. The point 1\ Eig 7(3, w iigidiy conmeled to the valve*, se 
that adisplaoement eiirve for P is the same jus a dispian mr*nt curve for 
the centre of the valve ll.umg obtained a set of di.spku'ement curv'es, 
the common veitical axis the s\st<*m may l>r fixed so that the 
res|K'Ctive leads for the two cycles aic e^jiml h»r a ji.ulicular curve. 
Then ad<l the lap lines and the piston disphlcemrnt eunc, and the 
valve diagram is complete 

86. Definition of u. A eonvoniont way to distinguish between a 
sot ut displaeemeiib curves is to murk them with th^ numerical value of 






148 


Vdm and Valve &ear Mechanimt ira 

< 

the quantity which will always be denoted by «. This quantity is th¥; 
distance at which P, the centre of the motion block, stands from Q, the 
centre of the link when the crank is at 0 degrees, that is to say, when 
the piston is on the dead point at the beginning of the instroke cycle 
Moreovet, since the block may stand above ir below the centre of the 
link, let +u denote a distance measured abose the centre Q, and -u a 
distance measured below the centre Q. When the motion block is at 
the centre of the link, P coincides with Q and « has the value zero. 
In these circumstances the link motion is said to bo in " mid-gear.” 

87. Valve displacement curves of the Great Eastern Railway 
link motion illustrated in Fig. 76. In this gear it will be noticed 
that the line of stroke of the piston is inclined to the lino of stroke of 
the valve. As e.’iplaini'd in Article Cl, to find the angular difference 
between the crank and eccentric sheaves to be used in drawing the 
diagram, the two centre lines are to be brought into coincidence. In this 
example. Fig. 78, the angle between the centre lines is approximately 
eight degrees. When the centre lines are brought into coincidence the 
actual angular advance of the positive eccentric sheave (forwai-d), namely 
H2J degrees, will be diminished to 104J degrees, uiid the actual 
angular advance of the negative sheave (biickwanl) will be increased to 
104J degrees. Thus, in working out the distribution effected by this 
gear, equal positive and negative angular iwlvances are to be usi'd. 

Displacement curves of the point P are shown in Fig. 86 for 
the following values of u, 

4i'' 3" 11” 0 -11” -3” -41". 

The centre line is placed to bisept the horizontal distance between 
the points where the 41” drsplacement curve cuts tho horizontals 
through 0 and 180 degrees The steam laps are each equal to J inch, 
so that the lap lines are drawn J inch respectively to the right and 
left of the central line. Tho exhaust lap is zero for both rycles, 
hence tho intersections of the central line with the displacement curves 
determine the different release and compression points. Observe, that 
the displacements of the valve are now measured from a centre line 
which is common to the whole family of curves, but which does not 
correspond with tho centre of oscillation of any one of them. If, there¬ 
fore, the laps of the valve were measured according to the instructions 
bf Article 47, namely, with reference to the centre of oscillation, they 
would be unequal for any one displacement curve; and this inequality 
would be different for different displacefaent curves. It is more con- 
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v<'nicnt to fix a curnnum veifical axis in the wa) sliown in the figure, 
and to cniiHider (hat (h« viil\(* han equal laps for (lie Iwu n\fie^, than to 
refer the laps In a line <lta\\n tliieiigli ihi'e. hI.k^ ot ost lilaUuii beleiigni^ 
to oai’h illspl.in iiii'Mt (‘111 \e 

Tile coiini el loll rod is oK.") imies ihe Ioii'mI) id lie (M-ik, and th» 
coneHpoiidmg piston di''pla' laiieriL eune i'- shrawi on flu i|i igrain 

A I’lir* )iil I xanunalieii ot tins vaKe di igiain will plaec tin student 
ill posseHSKUi ot till I 111 'f eli.ir.ielt itslies ot the ili^li dulllou of sle.ini 
efi'eeted liy tie link inoiioii 

Fn-ht, fix the allintjoii on lh<' disp|.n<ment eiu\‘- maikid 
In goiieial shape It is like the < lines alt- -mIv ei'iisid' h d in eoiiiieelion 
XMth till'simple ecn iitiK n Kiiiitiiii:| the . jimImUH if -taiLing troiii 
the /eio po>.ition of llir 'link, it will l.i o}»s. nul that lin- le.id |s 
017 liK'li, and that i lit oti i» Irasc, (•'impn ssioii and admission jiie 
rosjiecliNd) deleimined ioi ih. iiisii..li «\(1. 1.^ ih. pitinls 

Oi. 

Referring these ])oiii(s to the pistnn Mine and linni tin me to tlio 
]»ereentage scale, it will be lomid that tin distiilmimn .d sieani eone- 
H|Hmdirig to the position ot tin- point ol "Usp* nsmu wlmh makes 
u=s4J', is 

Cut (dV, 7a pel rent 
Kehase, 01 pet ei'tlt 
Compiession. 02 pel et'lit. 

Admission. 0!t pei cent 
Maximum o})enim’ toi steam. I 12" 

M.iximiim op'-ning toi exhaust. I S2'' 

Those figiiios are t.ibiilati il in the top line of Table 7 Next, look at 
the cmve iiiaiked «--= 0" Tin- l<‘nd has menased slightly, and the 
oventH of the stioke are deteimiiiod In' the p(»iiil'' 

t'l, /‘u, (If, 

the percentages eoriesjHmding to whii h aio shown in the sceoml line of 
the table. • 

When u ~ 1J" tho load has again inei eased, and now the points 

^9> 

Jx the distribution • 

Examine next the curve marked a » - 44". Starting fiom th(‘ top 
of the diugnwn and running tho eye down, it will be soon that the 
opening for stoam on tho dead point 0 degieca la equt^l to the lead 
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\vh<‘n = + but that jus thu crank .inglo incrrjisf.s jw>siti\<'ly. tho 
(lisplaccinent cur\t! jilmnst iiuim'(liat*‘ly cm-ssrs the hi]» line, sluming 
a cut off at A^. Fnun tliH ]n'int no .si«.nii <‘.ui ^4 ( into (lie 4‘\lin(ler 
nnlil the cum' le-u'ln s Iml tin n llio {'h ssuie .x tiii:; jo (»])|kisc the 
motion ot tlie pwroii li is eMihnt, 1 lii'icloto, ihai tin* liisinbiition 
H th.it till'I h'iIiinhi lo tin *'i« im in tin- positivu 

diiectioti Ihit now st.iit liom the .‘Intt ih L;tt i ^ < i.iiik ]ios|ii,,n an<i luii 
the e\e npw.uijs .ilong ili' ini\i Tti* h >>1 !> 0 17 .iinl the pointa 

i 1. /ii, Aj, >li 

ileterinino a iIivk ilmtmn wlm-li is jn.i. (i<.ill\ the s.mie as (luit deior- 
nnn< il tiy the (li'«plaeenient ctii se n -= + ])io\ iilin^ the ciank anglo 

Im; rei'ki'Ili <1 tloin .jlK) h.iekw.U'U Up to 0 drei. 1 s. lll.il Is piovniin;; the 
cnink tnins in (In- n<-;,Mti\c iliii'(ti"n Tims, win n st.,nii is adinittod 
to I1 h‘<\ lind'I, the ir.iiik sh^jt will (uin m (lie dm-etion. 

Sinnl.ir coiistdeMtions apply to (In' i in m s a - - d ' and a = - I V\ 
Colisidi 1 * the cni ve ( oiM spniidin;; to « — 0 Sl.n t iii;^ (loHi t h»' ZiTO 
jiosition of the ci.uik .ind innning ilie 4‘\e duwnw.iids, it, wdl he fonml 
that the le.id has .a iii.iMiniiin \alne. and tli.il. cut otV fak«-s jdaee very 
4'.ul\.naiiK'ly jit Id p> i < out of the stioke Hide»st> oecnis jit. .)2 jX-Tcent, 
ami eoiiipn s>iun at. 02 pm jiid of the reimn siroke A,itiun, starting 
from the n.ink aiiole dn’O dioo's and wmkine iipw.nds ahmg the 
eni\e. It will he tuiind th.il the distnhnlioii I'lh eled is to all intents and 
jinipoM-s (he saim as (oiind from 0 jis (he st.nling point That is 
to s.iy. the di 01 d»niloll ‘.in h III.it. it is eipinll) ahh* to dii\(* (hn 

engine in llu' jiositue m tin- jie^.iijve dm<-lioii, it il nm drive tho 
4*ngim* Jit all. Jt tin* cut el! at ninl*g> .i is not. <-\eessi\< 1\ eaily, there 
in.u he eiioiioh poHitive wolk done duiing tin* slioki* (o oveivoiiie a 
Iiglit lo,i<l, Midi as tin* engine tiietion For uisl.inee, a loeoinotivo 
rmimiig light ami in tin* f.uw.nd <liiedioi. mav (onlimie to run 
foiwaid when tin* link motion is hioiight into mid-gear If tin* engine 
he reversed it may continue to run haikw.irds wln’n tin* link motion is 
brought into nini-gear a.s hi loio Tims, for tins one po'-ilimi of the gear, 
the engine m.iy he ninning either foiw.ml.s or ha4*kw.uds, 

For the uutstrokt* r*ycle smii the considerjition of tin diaplacement 
ciir\es tiiaikeU with positive valms of u iioin IKO (h-gres, and work 
downwards For the displacement enr\»‘s marked with in'galive values 
of 11 , Matt also iioin iKd ilcgrees, but work upwards. All the points 
giving the <listnhntit>n of iht; outMnike c\d4'an sunilirK letteied ^ 
those of the instioke cvih*, hut uic diKtingiiisin<1 h\ liavnig a circle 
drawn round the Ictti-rs. 
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The ri'sults ftr buth cycles and for the seven values of a stated, arc 
collected together in Table 7. Each horizont .1 hue of this table corro- 
flpunds tu o/ii? (Ii-/i/utc indicator diagram. For po-sitive values of « the 
crank .shaft will rotate in the [lositivo direction, and for negative values 
in the iii’gatnc directum. 

The tiaihfeieiicc (d all the jininf-^ c()nc^rnel], to the piston curve 
horizontally, .ind then to the jieremt.ige scafe.s \eitically, la somewhat 
tedious. The l.dioiir mav he coiiMdendiJy leduccd b\ the use of one of 
ZcJHs’ gi.is.s',scales for the percentage scab-, guiding it over the diagram 
by the T-s(|iiare For inslanci* the cut otf point c^, projected horizon¬ 
tally on the ]iis(im cur\e. gi\4‘s the point Placing a glass scale, 
which is divided into 100 j«iits, aerovs the ihagrain, its (arntre corre- 
sjionding with the eeiiln' line and its e\tieimties with th(‘ vortical 
lioundaries of the pMnn curve, the jH'ieenlage position of (J can bo 
lead otV wilh M-feieiii'e to either dead pimit at will. 

The inaxmiiun o])i'inngs of tile polls for .steam and exhaust can 
easily bo read ort‘ the diagiain Coinjianng tln‘se, it will be seen that 
there is Considerable variutioii between the maxima for a given curv'C. 
In other winds, the cmlii s of oscillation »»f tlu' several curves do not 
tall U|)<in the centre line ot the diagram Tins is one of the defects 
of the Imk motion, and nothing can be done to remedy it without 
changing the tvpc of the gear altogether It i.s not a serious error 
practically. The diawing of the centre line to give eipial leads corre¬ 
sponds with that method of selling of the v.ilvv where the valve 
spindle is ndjusteil m length iiiihl this ejjuahtv of lead is spcnivd. 

It will he observed that (he (li>placenient em\'Cs(sliown in full lines) 
relating to foiwaid running, intei'sect one another ajipro.ximately at a 
point just bf'low the hoii/oiital through 0 degrees. If a horizontal is 
drawn thnmgh the point corruspondmg to 5 degrees on the vertical axis, 
it. will pass through this common mterse'ction of the curves. If there¬ 
fore the zero of the veiticivl scale could be moved <lown 5 degrees, the 
It'iids for varying positive values of it, could be made mv>re nearly equal. 
This may bvi iwcomplislud by increasing the angular advance of the 
forward eccentric sheave 5 degrees, at the saim' tunc decreasing the 
angular mlvaneo of the backw’anl sheave by an etpial amount, so that 
the angle between the sheaves themselves remains unchanged. The 
leads at the IHO^ dead point would also be wpialised by this change. 
Hence, by setting the eccentric sheaves with slightly diflfcrent angular 
advances, the le.ids may be approximately equalisld for varying positive 
values of u. The leads for Imck gear, how’ever, suffer by the change, the 
original inequalities between them being increased for varying negative 
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values of «. This method of setting the sheaves was* pointed out by 
Zeuner in his IVeatiso on Valve Gears, it is however rarely employed. 

The chief characteristics of the link motion m.ay now be summarised; 

(1) The load of the val\o is not constant for all positiops 
of the su^|ll•n<llIl,l' pi'itit U It increases from full gear, where u 
has a minimurn [lositue or ncgatiie value, to a iiiaMiiium at mid- 
gi'jir, where j/ = 0 In tin* dmi^iani it- ^\lll he seen (h.it tho lead 
increases from 017" at full to 0*U" at mid-gear. 

(2) The cut off takes p!ac(‘ earlier in the stroke as u is 
decreil^e^i, being a minimum when </ = 0. 

(;i) Keloase lakes ]ilaee t.irluT in llu' stroke as u is decreased. 

(4) (‘om|ues,siifU lakes place eailier in the leluin stiokc as u 

j« decre.tscd 

(5) Adniissnm lakes pl.iee earliei ,vs u is dcereasefl 

(ll) TIk' cenlit' of oseillation «ii tiie \al\t‘eliangesiis » changes. 
Thu is shown on the diagtam by the uneijiial opeiimg.s of tlic ports 
both for Htc.im and exhaust. 

It may he stated wifli reference io l(K-oinoli\e working that, in general, 
all tho events of tho sfroko reijuiro to take place eiirlior as the piston 
speed IS ineie.Lsi <1 Ifeaiirig this in mind it would be iliftioult to devise 
a more appropnate iiKclmnism than the link nmtion for a locomotive 
gear. All the exacting C(»iiditions of the service an*, jf n(»t exactly 
fulfilled, vet) m iiily comjflo d with It is rem.iikahle that the* charac- 
tenstic.s of file link motion which make U so valuable were, if tradition 
be true, unknown alike to the inventor and to tho engineers who first 
used it, and that its subtler propeities wcie oiil} discovered in the use 
ot it OH a levei'bing motion. 

88. Percentage and port opening diagrams. Having obtained 
a sullieicnt miniUT of displacement curves, it is an cosy matter to 
construct diagi.ims fKuii which the distribution of Hteain and the port 
0 |)cnings may bo found for any assigned value of u. Such diagrams are 
shown in Figs. 87 and 88 f<ir the Oreat Eastern iUilway liiik motion. 
In Fig. 87 the iH'rcentages given in lublo 7 are plotted vertically over 
the corresponding values of u set out horizontally, and curves are dmwn 
through the points so detained. Hence fur a given value of u, positive 
or negative, the c<»rreftponding distribution of steam is fixed by the 
points where a vertical line tlirough the given value of ti, outo the 
curvoa The port openings are j'lotled in a similar manner in Fig. 88. 
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TAIiLE 7. 
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The dmjfriun may be u'<o(l to find the value of m corresponding to a 
given cut oif Koi instance, MijipoHe the value of a and the distribution 
of steam to bi‘ required when the eut off 48'40 pei cent, of the stroke, 
instroke eyeli', HI baek gear The jKnntC fixi's the jihoce on the instroke 
cycle baekwiinl gear eiiive where the <-ut ojf ih 40 per cent. A vertical 
throiig^i this point ‘^lluws that ti must he ~ J 7 inches, and that release, 
coinpiession and adniKsnm occur lespectiveTv at 74,71, and 1)1)^ percent, 
of the stroke Continuing the line through to the port opening 
diagram'below, the corresjxniding lead, and port openings have the 
values 0 28", 0 46" l<ii .steam, and I 28" for exhaust The quantities for 
the ontsli’oke c\ele can similaily be lead oil' If the 40 jier cent had 
been given with refeiema* to tiie ontstioke cveic a vt-ifieaj through @ 
Would lm\(‘ fixed the dilleifiil peHcntage.s and jKUt (qienmgs. 

The dispUeeiiK'jit euivesiii big HI) an* sriisilil\ infliu-iiecd by small 
changes in the position ot the \\cigh-h.u .shaft as will he understood 
tmm Allude 00 Is-low, wheie it is .shown how !<» choose the pr»sition of 
the shaft to eijiiidi.so the cut oil at a given liactioii ul tlm stioke in both 
forward and hackwuid gears TIktc will theicfore he slight changes in 
the shape of tin* cnives Figs 87 and 88, coircsponding with the chang(‘s 
in the shape of the displacement cunes 

The curves, Figs. 87 and 88, also ih-piml iqmn the .srtimg of the 
valve gear. In these figurtis they coiiespond to the sitting where the 
length of the valve spindle is a»l|nsted to give eipiality of h‘ad for 
m = 4J", and this cornsponds witli the position of tlu' ctuiimon vertical 
axis TTy m Fig Htl A slight change in the length of the valve spindle 
would ixsjuiro a coin'spoiidmg lateial ch.inge to Im made in the position 
of the axis TT, n-latively to the valve disjil.icement curves, but the 
piston displacement cuive aiul its utt<ndant isircentago scales would 
move with th(‘ axis 'fhe leads,’port openings, and the percentages 
of all the events given hy th<- diagt.im would change slightly, and there 
would be conseijmuit nullifications of the shapes of the curves m Figs. 
87 and 88. A point peciiluu' to link motions used with locomotives is, 
that on seivice (he veitical distanco betvvooii the centre of the weigh- 
bur sliaft and the centre of the ciank axlo is always ehangiiig, because 
the weigb-bar shaft, arid in fact the greater part of the valve gear, is 
carrie<l by the spring snp|)orb‘d fmmes of the engine, whilst the centre 
line of the crank axle is at an invariable di.stanee from the rail level 
When the engine is unloadKl, as is the case when the valves are set 
in the ert'cting shop, it stands high on the springs, but when loaded 
for servico it settles down on the springs. If therefore the valves ar« 
set in the erecting shop to give exact eq^nality of lead at mid«8troke, or 
at full gear, the engine being unloaded, when the.enguje is loaded for 
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service this equality ’irould be destroyed, and the curves corresponding 
to those of Figs. 87 and 88 would he .slightly modified The changes 
are greater if the axis of the valve gear is luclined to the line of stroke. 
Also the expan-sion of the vahe sjiindles when heated by the steam 
tends to decrease the lead atj the front port and increase it at the back 
port. All these facts must be borne in mind when .setting the valves 
end duly allowed for by so setting the vahea in the niihsuled and cold 
condition of the engine that in the average loadeil and hot condition 
there is equality of load at, say, full foiwant gear. One of the advantages 
of the link motion, including the inoditications of it described below, is 
that the vertical movement of the sjuiiig .supported part of the gear 
relatively to the crank a\lo, does not Seriously inteifeie with the distri¬ 
bution of the steam or with the lends, and although curves like those 
of Figs. 87 and 88, which correspond to ono setting of the gear, are 
modified in .shape, )et the iniHlific.ilion is slight 

It 18 to be undei-stood then that the curves in Fig.s 87 and 88 only 
represent conditions corresponding to the position of tlio weigh-bar 
ihaft, and to the position of the axis 77', shown in Fig. 8li. 

89 Link motion with crossed rods. An alternativo way of 
loniiecting the ecceiitiic lods to the link is shown in the diagrammatic 
(ketch at the top of Fig 8!l forming what i.s c.illed a link motion with 
irosscd rods. In order to iiscertain to which ol the two types a 
particular link motion belongs, turn the crank into the po.sition vvhei'o 
both eccentric i.idii are pointing towards the, link. If the rods are 
ancrossed m this position the motion belongs to the open rod type, if 
axissed, to the crus-sed rod type. 

The peculiarities of the distiilmtioii of slcani determined by a link 
notion of the crossed rod tyjic may be studied from the displacement 
mrves shown in Fig. 89, which were constriutwl from the Great 
Eastern Railw.vy gear just considered alter crossing the rods, everything 
ilse remaining the same. 

Comparing the valve diagram with that for the eainc gear with open 
ods. Fig. 88, notice 

• 

(1) The value of u is now negative for ]ioaitive rotation and 
positive for negative rotation. 

(2) The lead decreases as u is decreased, lau'iig a minimum in • 
mid-gear. 

(3) The displacement at the dead points is reduced so much 
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lli.'if till- lap MiiHl 1 m- ruiiin'<l In \ irirli in onli-r to t^i-t niiflirmnt 
trad li'i tin- lull rtiivis, v\liil'>' tm nii'l-^n-ar, cvnn wjth thi<< 
t<‘ilii«-c(l lap, tin- Ir.ii) ]s ml • 

(4) Tin- pM'I - .ii ".linli tin- nf tin- -.trnkc oociir 

_ * * c 

fill (-IIIH‘''[iiHHliiii,^ \il'n> of '/ in lln two \al\{' diaoi.iiiis an- 
Coiisnli I iliU all* I* il '* 

{^t) Tin Inui'l of lln- \aK(- is mliir.-il 

This (-(iiiipUhoM of lln- two (]i:ioiaiiis mil iinln'a^c lliat t«n f^^i-t a 
\voikaM*' niotnm ^n\ino a (li^titliiilioii of ‘•tiain (-onip.italili‘ with tin* 
open rod f\pr. appiopiiali lnlll.lsl^ iiiii-i !»»• inadi- Koth in the 
(-(‘(•(-nlMi- ladii and iii tin- .hil;iiI.ii advainis 

It .shoiiM hi- lUid'-isfooii dial lln- \aKi- di.ioi.mi foi llii i n.'^scd mmIs, 
KiK H!), do»-s Hot icpirviiit ,iti ai-liid i.is-- it i^ ohiaim-d fiom flu* 
lln-at Kasli-iii Ihuluav molion, ulmli was d<‘s|o|nd foi (.pen rods, hy 
t-iosMiio tin Mills wiilioiit alli'iino aii\ of (In- ..tini ipi,iiiUlii-s cxci-pt 
flu- lap, the ohji-i'l hniio lu hniii; oiii dn- jm-i nliaiitn s of dn t\[ns l>v 
contiastm^r lln' disiuhnlions of sm mi dn \ K-spr.-iudv d< (• iiiiiin*, 
when tliooiih ditliMin-<‘ Im-Iwi-i-ii lln-in is iliaf tin- oin* has opi>n mm|s, 
tin- odn-r crossed lods (‘lossed jod motions niai he di siuiiid to oi\i‘ 
eipiallv ;,(ood dtstIihiitlolls oi sleain [oi \,uioiis \.dnis of n as open tod 
mol ions 

The dislmjfiiisliino cliai.n-ti iis(ii- nl dn ciosm d lod l\pi-is (hat tin- 
lead decM-ases as lln- motion is htoiio|ij (uu.uds mnl^o.i!, hi-nig a 
inimniiuii tiL ntid-oiat 

90 Valre displacement curves of the Great Eastern Railway 
link motion, arranged for Inside steam admission. A M-teroin-e 
lo Aihch* 4- will leeall lln- .stat'-iin-nt that if a surijile \alvi' jje.vr is 
designed foi outride sfeam admission having an angidai adv.inec 0. tlu-n 
it may he M for insido steam udmission Ity mciel) alteiiifg the angular 
advance to an arigulai lag X sucli that 

\ = (180 -1^) degn-os 

Tins juiueipic M-mains tun* for u Stephenson link motion Conse- 
(juently if the angular advaneo ol 104^ degrees is cli.uiged to an 
.angular lag of ‘i‘)\ di-giees the (L.s[ilaeenieiit cuives of (he \alve will 
be such that .steam nspim-s to be adinitt»*d on (In- iii.side islgo and 
ix4eavS(-d at tin* outside edge of the valv«‘, tlx* sti'.im pl{ie and exhaust 
pipe being of course inten-hangal 'I’his arrangement may be, and is 
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wmctiines, ttdoptmJ with piston valvos, because the high-pressui^st^ 
inside the valve has no tendency to blow (Jie valve off the face»f 
the ports, ns would be the case with tho’ordiiiary slide valve. f 

A set of curves corr(>8|Hmding to angular lags of 75J degrees for bot|i 
the fojwnrd and the backward eccentric sheave, is shown in Fig. 90, 
and with the exception of the change in thj angular advance, the other 
dimensions of the gear reiiiaiii the same as those shown on the skeleton 
diagram, above the displacement curves for outside steam admission, 
Fig. 86. 

Looking at the skeleton drawing above Fig 90, it will be noticed 
at once that the change from angular advance to angular lag results in 
the crossing of the eccentric nsl.s, hot an I'xaiiiination of the corre¬ 
sponding displacement curves will show that the lead increases as the 
link is moved lixim full gem towaids the mid iiositiou The reason is, 
that although tho crossing of the, rods results in a slight increase of the 
distance of the valve from its central position as the link is brought 
towards mid-gear, as in tho ca.se of the gear with angular advance 
and crossed roils, yet this increa.sod distance eorie.sponds to an increased 
lead becausi' the lap is set out on the iirside of the valve. The 
eccentric rods may of course he connected to the link so that they 
are "open,” in which ease the upper part of the link determines 
negative rotation, and the* lead decreases from a iiiaximuin at full 
gear to a minimum at mid-gear. 

Returning to the valve displacement diagt,mi. Fig SK), the full curves 
are those for positive rotation, or forward running, and the dotted 
curves for iiegali VO rotation or b,ickward running. The events of the 
stroke for the iiistioke cycle, when i( = -l-4|^ inches, are indicated by 
tho letters 

Cl, n, h, (ii. 


and, remembering that r, is the .same point .as (g, and as (J), the 
correspoiidiiig events for the outstroke cycle, by the letters 

©. ’•i. ©• 

Referring these points to the piston curve, and from thence to the 
appropriate percentage scale, it will be found that the iiistroke cycle is 
speciffed by 

Admission 99'7 per cent. 

Cut off 69i „ „ 

Release 90, „ 

Compression 93 „ , • 
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and the outatroke cycle by 

Admission 997 per cent. 

Cut off 78 „ „ 

Release 93 „ „ 

Coiiipressmn 90 „ • „ 

Comparing these figures wilh those for inside admission, Table 7, it 
will be seen that there is suhslaiilial agreement lietweeu them. The 
differences are due to the seveial ohluiuities of the rods influeneing the 
results in ditfeamt ways. No dilKeiilty will he found iii constructing 
a table eoriesponding to Tahh' 7 Irom the diagram 't he points deter¬ 
mining the instroke cycle tor the \alue of ii = - inches aie shown by 

K, A',, d„ 

the points for the oiitstroke eirele being ringed. 

A set of displacement cunes for angiilai lag .and ojien rods would 
bo genendly similar in character to those of Fig 90, but the full curves 
would be dotted .and the dotted cunes full 

91. To draw the valve displacement curves of a Stephen¬ 
son link motion. The only cmieet way to obtain the displacement 
curve corresponding to a giieii Millie of ii, is to set out the link 
motion in a series of positions, 24 say. obtaining thereby a series 
of corrcfiiainding values of the \alve displacement and the crank angle. 
Plot these values and diaw a curve through the points so obtained. The 
method is most easily explained in the toim of the following priiblem. 

Problem, fliveii the dimonsionii of a link motion, the position of 
the point of suspension ot the link, and tho crank angle, ft, find the 
position of the link. 

(If Set out the eiaiik at tho given angle $, Fig 91; measure 
from it the two given angular advances (fi, and and fix fbe centres o 
and 6 of the ends of the eccentiie radii 

(2) IJrom It and b rosiioctively as centres, and with a radius equal 
to the length of tho eccentric rod, draw the area f,e„ and Jfii?,. 
Then the end centres of the link must lie respectively on these two 
arcs. Set out IF, the centre of the weigh-bar shaft, and the given 

, position of the point of sus]iension (I. * 

(3) From U as centre, with a radius equal to the length of the 
suspension link, draw the arc 0,0,. Thbn the point of attachment 
of th«> link to the sus|ivn8iun link must lie on this pufve. 
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Thus, the three centres uf the link must he severally'on these 
respective arcs. 



Fig, 91. Tub DniimiviTios <if a T.isk Positios bi ‘'fiitiko” 

A TlJIl'LAlE TO IIIUBE AlltS. 

(4) Make a ti’nipl.ito, nii'eil te the railias ef flie link (this nulius 
IS usually o'jii.il |o the coiniMeri length ol the em ntiic nKls), anil mark 
on Its edge the thii i points e, K, anil ('. where the eeeenliic rolls and 
the suspension nal are respectively atlaelied. Then " lit'' these centres 
to the three curves os shown in the figure, thus fixing the laisition of 
the centre line of the link The point P, where tin' centre line ot the 
link cuts the line of stmke of the vnhe, fixes tin' coircspondiiig ]iosition 
of the Miho. This jHiiiit may he proji'cted down to the liorizonUl line 
com'sponding to the angle, it, of the crank, gning one point on the 
displacement curve correapoiiding to the given centre of snspension. 

(5) Kepoat this proee.sa for the 24 positions of the crank and then 
sketch in the displacement ciirxe 

If a value of « is given insteail of a position of the centie U, place 
the crank at 0 degrees and find the position (I must occupy so that the 
centre of the link stands at the given distance u Irom the lino ot stroke 
of the valve. 

Fig. 02 shows the link in 12 [maitiona, and the l•oITesporld^^gs 
displacement curve for the Great Eastern Railway motion already 
considered, when ui^O. 

Repeat this construction for different values of u, or U, getlsng in 

U-2 
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thiH way ,1 coiiipictf fiiniilv af valve diaplacenient carved. Then add the 
vertical mis TT wi that a Htated rendition of valve settinj; is satidfied, 
as for in.stanvv, that the leads shall be eipial m tull torward gear. 



Fig, 99. I.iSK Motion, ii.i.ndTBVTiin in Fie 76 Twfi.t« Link 
P osiiioNs A.No riiK Valib iliari .vvsmsnt Fuk^'b run .Mii>-(xbak 

t 

The ecrrntric cinde is divided into 24 parts, starting first from the 
end of the fiiiaard ecreiitnc, and then fuaa the end of the backward 
eccentric, ,so that the isants of the two senes of divisions do not 
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nvcesBrtrily as they aj^jicar to <!•> in the The points 1 

and 8, for inst-uiicc, are uol coiiieuhiit, hut are very ntvirly so in the 
COSO t4ikeu. 

92. The iuppresfllon of the eccentric rodi. The \nl\e dis- 
jilacornent ih small eouiiMiied witli the si/r of t)u» parts toimiri^ the 
gear. If the gear i.s set o\it to sc.ilr, tie irloie, tin* dwplius-iueui to be 
measured oil' Waoiiies t<H) siii.dl to >>)>t<un a valve dia^i.nn lioin ^hich 
the distribution ean he inferird with luueh aesMuaev, t'imseijiicntly. it 
may he taken as a eaidiiial rule that the gear shouM l>e set out lull size 
Biv that the valve disjd.ieeiiieiit eurves niav he oht.mied full ai/e. The 
ik'tting out of <i link uioiioii, tidl mzi' in 24 posii ions for I'ach valm* of a 
taken. H tedious and trouhKsomo The l.ihour may he eoUM<leruhly 
hghU'iied h\ using a leliijilate to ilinw the i in vs e,, r. .nid E^. in 
wliii h the ends oi lln- usentiic lods .ire hxated ItefeiiJii.t^ lo Fig !K1. 



Pig. 93. ok k Tkmi'I vtk io nn.iw niK Loriia of tiii* fNi> 

01- \N KctlMUU' KoJ> foil \ MVhV t’jlVSK ASt.I.Z 


itwdi lx‘se<‘n (hat il a t<‘m|»}ate euui<l to the tfuhus of ihi* eceentric 
nni (the template alieelv ma<h* fdi tin* ouli- line of (ho link will 
usually do for this purpose provnlnig its edges are finished true with 
the curve in the way evjdained in Article 35 and sln^wn in Fig 2H) Ih* 
plactsl a.s shown, it will ht the path and iN radial liiii QJ{ will 
be jwrallel to the line of stroke of th»‘ valve or what is the Kime thing, 
its long eilge CD will be at right angles to the line of stroke of the 
valve. If the (‘ccentnc rinle is hiought towanin the link a dmUanco 
equal to the length «#the <•<centric nnl, the point a will «oincj<!e witlj 
the pant Q. Hence,setting out the coubtruciion, Fig 91, draw the 
centn' oi the crank shaft m arer the weigli-har tthaft hy a ilistance equal 
to the common length of the eccentric rods, and net out the curved 
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pathH «,(’j nrid •*>' moiiiis of the template, placing the point Q 
eiieo-mni'l) at <i and b. and aorking with the edg’' CD against the edge 
ot a T-aijiiarc, in the way dinstrati'd in Fig 28. 

If the gear in to be .set out m 24 positions of the crank, there will bo 
24 points corii'sjiiiiiding to ii and 24 corivs|poiidiiig to b. It is advis¬ 
able to first diaw all tlie curvo.s pa.ssing through the 24 positions of a 
in rod, and the runes passing thioiigh the 24 positioii.s ill b in blue, 
clearly niiiiibsring each ciiive with the iiuiiits'r ol the corresponding 
crank position Then the link tein]ilate may be fitted in .succession 
to the si'venil |iairs of jiatbs and to the’ curve and it.s 24 jiositions 
drawn m. The siwei.d iiitemeetions of the link with the line of stroke 
of the \nl\e then li\ 24 positions of froni which the displacement 
cuive can easily be drawn 

It is also adiis.ible to diaw the set of link positions for a given 
value of II on a sheet ol ti.ieing p.ipi‘i, taking a liesb sheet for each 
value of a. 

93 Slip. The axis of the motion block .)/, Fig ill, is guided 
in a straight line, by the inteiniediate spindle 1. 

Any )winl in the centre line of the link is coiupelli il to move 
in a i«ith determined joiiitU hy the oscillation of the link alsuit its 
axis of suspension, due to the action of the ereentiie rods, and to the 
swinging of the link as a whole alwut the fixed a.xis of siisjwn- 
sion U. 

Thus, when the axis of the motion block is bionght to coincide with 
a definitf' point on the centre line ot the link b\ thi' turning of the 
weigh-bar shaft into a definite position, the coincidence is only niomcnt- 
ary, since e.ich point moves away from the position of coincidence 
along a ditfciiuit p.itb as the ciank‘rotates ilence there must bo 
slight relative, sliding between the block and the link in order that tho 
axis and the point may each be able to describe their lespectivc fiatha 
This relative sliding is cidled " 3li[i" It will bo remembeied that the 
quantity « was defined in Article 8li to be the distance of the axis 
of tho motion block from the centre of the link when the crank was in 
the icio poeition. Owing to the "slip,” « changes continuously in 
value diirilig the rotation of the shaft, rotiirning to its stated value 
each time the crank passes through its zero position. 

The distance from a curve showing the actual path of a point on 
the centre line of the link correspoiKbiig to a stated value of «, measured 
tailing the link, to the corresponding jsiint on the'jiath of the centre of 
the motion block, is the slip for that isirticular link position. Various 
methods of suspending the link and constraining the motion of the 
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iBtwmedUte epiodie or link have been used from time to ti^ne with the 
object of reducing the slip to a minimum. Good gciieml results f<)r jill 
positions of the gear are obtaine<i by guiding the mteniieiliate spindle 
in a straight line and by swinging the link from its centre as .shown in 
Fig. 76. Better results for one or two particular |s>.sitioiis of the gear 
can be obtained by \aryinj^the method of siispen-.ioii .iiiil coii'.lraint. 



IX - - ets 


I Jnche* 


Tig . 94. Link .Motion, Fio 76. Paths of Points on ink ccnthk 
LINK OF Till, Link si'kitkiko hy tiil uivks \ai,iks of it . 


A series of link |Kiiiit |>.itlis for the Great Eastern Ibiilway motion 
already oonsidured is shown in I'lg 94, the values of u to which they 
correspond being written against them. C'oiisidiT the curve for which 
u = 4i''. The horizontal straight line A A rejiresents the |)ath of the 
axis of the motion block. At the isuiit 0, the axis is 4^" from the centre 
of the link, and the crank is in the zero isisition. The other figured 
points on the curve maik the successive isisitions occupied bj' the point 
on the centre hnc of the link, 4j'' from the centre, as the crank passes 
through the corresixinding positions. The distance from any one of 
these pointe to the oorresiionding position of the axis of the motion 
block, measured along the link, is the instantaneous value of the slip. * 
The point path for mid-gear is an arc of the circle dcscribeil by the 
centre of the end of the sus|HMision link. 
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fig 95 hfiowM iho pa(Ii') convsiinnding with th<‘ varions values 
of u in<lii‘at*'tJ, and at (la* vtinc tnnt* the coirespuiuling jiaths of the 
ends uf thu link, to .a muall scale. • 



FULL FOPWAJtO 
to - 4‘% /ft 

Fig. 96. Link Motion. Tio 70 LiNh Point I’vui.s 


94 Apparatus for drawing valve displacement curves 

mechanically. The lahour in\ol\iil m di.iwing out a sot of dis- 
placeint'nt ciinrv m considoial)!** Many drawing oflicrs air* provided 
with u .skeleton link motion, the ditVment p.uls of whieh uiv adjustable, 
«o that it may be aiiaiigt“<l to n'pirsonl. any link moiion m couiNe 
of design Paits n-pn soul mg the r«)nneeLiiij^ ivd and piston are 
combined >Mlh the valve gear, w llial when the eiank is placed at 
any angle the nniespunding position of the ])iston and the valve mav 
be observed, and thus all the peciiliauties of the disiubution eti’ected 
by tho gear may 1)0 studied. In some cas<'s appaiatiis is adiksi by 
means of \\hi<‘h displacement eiines may be diawn, usually in the fonu 
shown HI fig J19 

Fig Ob n-presents an appvrains of a simpler kind than that usually 
employed foi tlie ]mrpase of invest igatmg the pri)|K’itieii of a link motion, 
which was designed by the author ior the Mich.inicid Kngmeenng 
\)epartmont the (.hty and (luilds of I/mddJi Teehmcnl College, 
Fuihbury. The eceeriliicilies, angular advances, Icngtiis of the eccentric 
rods, jiOHiliou of tlie weigh-bar shaft, and the length of th^ arm of the 
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weigh-bar shaft which fixes the point of suspension, are aft ailjuslahle 
within reasonable limits. Simplicity is ohtaineii by oiiiitliiij; the con- 
necting rod and pihtoii altogrlln r. a gnuliiatcil ring being uM‘d in order 
to fix the crank angle corresponding (o A gi\on xahe portion. 



Fig. 06. AD.uiflTAnfK ArP^RAirfl for drawi»*o tub Valvb 
KMRNT CUUVBS. 


What is ohtaincdVn.m th.- ap|w»ratufi is a f-.mily of recUngulnr, 
displacement curves, like tho'^e lor example shoHii tii Hg H(> Ihew! 
curves an' drawn on the drum seen to tlie left ol the figure. The 
piston displacement eiiive cun be (jiiickly and accurately drawn on the 
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diagram, and tlipn the additions of a coiiinion vertiral axis and the lap 
lines convert the drawing into a rnlve diagram from which all the 
circumstances of the di'stnliiition can be found. 

96. Approximate valve displacement curves. Equivalent 
eccentric/ For a given value of u, the iimveinent of the valve 
is nearly the winu* a.s it would be if the valve spindle were connected 
directly to a long i-ccciituc rod driven by a sheav(‘ on the crank 
shaft, having'a eeilam eccenlne radius p and being set at a certain 
angular a<lv:inre p and vfr being l"uiid by the follov\ing rule, due 
to Mi Maelail.ihi- (lir) 



Let Oa, Ob rejiK'sent (he rontro Ime.s of the two shc'aves diiving the 
link motion, lunl boing the angular advance's l)ruw an arc of a 
circle tlirougli the points a am! b, using (he ladius, It, found from 
the ibiinula 


where 5 is the distance belwcon the points a and h, I is the common 
• length of the ocoentiic rods, and k is the length of the Jink eE 

Take a point p m the arc ab so (hut it divide.s the arc in the same 
pro|)ortion that the axis of the motion block divides the distance 
between the end eeiitie.s of the link. That is, 

ap />/> * eP : PE. 

Then Op is the radius, p, of the " equivalent” eccentric, and ^ is 
its angular advance. From these data the corresponding displacement 
curve may be set out It is of course a cosine curve, having the value 
pq when the crank is in the zero position. • 

The dotted curve, I'ig. 08, i.s the approximate displacement curve 
found by this method fur tlio value of u, +,4}", the data being those of 
the Great Eastern Railway motion. It is shown full size.^ 
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T/»’ nuJriifi ii.seil for dr.iwing the uro in in tliia case 8’4iT'. The 
corrosj win ling (‘(jiuvahTit i-cci'iitric is dofiaod hv 
p = I H(j", ^lr ~ 12+J 

Tho full liiK- slniws th<’ ai'tii.il di'iplacoriii'iit rurvi- and is of courw the 
Hfuno as riu' foiri‘S|ioniling r-iirM* nl I'lg A coin[iarist»n of these 
curves shews that a( (lie hi'gmniiii; of I he stn>}^-s, when I In* crank angle 
N elth(‘r 0 oi I HO (ligteeH theie is almost coineiMi-nce The greatest 
eiT«ii oeeuiviti the maxirimm ojii-nings If tin jiiston dis]jlapem(‘nt 
curve l>r .idile<i It will he (imnd lli.il tin* cut otf gm-n h\ th«' ilotted 
curve is within 'A [nr <’ciit of the aetind cut off. whilst, the release, 
cunijin-s''ion and adijiis^mn e\eiils aie uillun les^ th.in 1 percent. 

96 General theory of the link motion. Simplified form of 
gear and its equivalent eccentric. The tln-oiy of the link inotnm 
and its deM\atives. the (loocli .iinl All.in geais, will he luoie easil\ uiider- 
Htood it the siiiiplm tnim ot ge.ii shown in Fig !)!► is Ntinlnsl first This 
foiin, thougli not juaeticahle, \et letaiiis the tiindunn-iital juinciples of 
the actual anatigenieiit .ind allows tiiese print iphs lu he developed 
without, nutiu'uratie.d I'omphi.tlion, 



Fig. 99. SrMi'UKiFD FORM OF hl.'JK Morioy. 

In the ligure tin* link is i*epiehunted by lh«' sti.light lino Be, the 
cccentiics l)\ tlm eianka OA, QB, now lotaling about tK'par.itt* axes, 0 
luul Q. 'rho \id\e IS coiinecicd to the link AV at the point I\ and it is 
presunu'd that the valve and rod can lie moved Inslily up or down 
so that, r can Ik- placed m any assigned jmsumn on Be. Finallv, the 
ivsjH'ctive ends of the link are aasiimeil to move along the straight 
|>j\rallel lines eO, BQ, and the eccentiic lods aie 8upp(»sed to be so long 
that the re.sjh'ctue motions of e and E are not?sensibly different from 
* the horizontal pnijectioiis of the eiieiilar motionifof A and B. 

Vav\\ Clank is supjxised to revolve with/spial angular velocity, from 
which Assuniptioa it lollows that the angle ladweeri tbie cranks will 
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remain constant. Let k bo this constiint nn^lo, and I<‘t a 1 m* tlio ant(lf 
between the crank OA and the centre line The ino\<'nienl of the 
jKiiiit P 18 compounded! of the imneinent of the points ,* and Thw 
movement may be iinalysrd into it'^ H'paralo «‘oinj»oin*nts In exannning 
the motion P renuves fiom the n.ink 0^1. assuming tho crank to 
be at rest, and tlum the inoiain it iecei\i»> fnan ilH assuming OA 
to l)e at rest The points K^, and <'n iinlie.it^' the i«sj,M'iivc ceiitiul 
positions of tlie ends of the ec<‘» nine lods 

Fll'bt, asHUhie the poinl A’ lo he at resl in its eelitl.il po-.ih.*n A’,, 
Then when the e<‘eentiie 0.1 , wIm'so laditis is r,. is iiinird so that it 
makes the an^de a with the t.'iiln* line, the distaneo, ('„e, oi the point e 
tioiii its cent I. d position is 

r, Cos a. 

and since the link w lurnin" aheiil tin- point A’,, the (oni spondimj 

distaner ot /' lioio ilseeiitial position is. .i-^siiiiiiir^ th« ani;nl.ii motion 

of the link AV to b^' small 

pb: .. 

j, r, cos a - , s.iv 

A^oun. assume the ]ioinl e to he tixrd in its ii< wiv aerjini.t) position, e, 
whilst the ee<‘>-i)me (^yy, wlioM- radius is r is turned so tliaf it assunu's 

Its pio[H i position i« lali\»‘ to 0.1 Tilt n the ilistante, h\,h, of the 

p'liril A' lioiu its eeitlial pttsiiioii IS 

/jiostOl k), 


>ind P iiitives lioiii il)t! ]»osilion into uhah it 
turning of 0.1 h\ the .unoiint. 


Pr 

ICe 


X t 


(a - *)= As,SI) 


aas hioU’;hl 


hy the 


The total mo\fment of P In-m its t onti.d posiinai «h> ii tho 
ha\u Uie coiihguiaimn simwn in tin tigiiie is il,»iiloie 


PK yv , , 

+ ,, r, cos a ^ /,cos(2-a; 

Pe he 


I ct elltnCH 


From tins expiession lhe tlisiam o o( P ii"iu its (ontral position I’an Ik? 
calculated foi any \ahn* ol tlu' angle a whfii the |>osilion ‘jI J* ih 
ntwigm'd m the link <uid Ci, r,. and k. the angh* between the ■ eiitiicm, 
are known. The giaplncal inteipiftation ot this expression readily 
exhibits the characteristics oi the motion of I* 

From anv ]><»int O. Fig 100, di.iw Od, Olf paialh > to th‘* res|)c‘ctivc 
eccd-ntnc.s in Fig 00, a»d in.tke 0.1 =s r, and OP = /,. 


On OA lake 0a = to 


Pb: 

AV 


A r, 


TIh'U Ox, is cspi.d to AV 
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I 

Pe 

On OB (akf Ob - 

Cniiiplfti* the [i.irall(‘liipaiii OaCb, and draw the diagonal OG. Then 
the diHtanco (W.'=the diHt.ince 0,t„ and theieforc 0.r, is equal to 
Xi + Xj. •But Ox, IS the pnijrrtjun of Oie line OG. Therefore the 
disphioenicnt of P from its eentral position,is represented by the 
projection of the iliiigoiiid OG. Nmi- since the cniiiks revolve so that 
the angle *.remains eoiislant in value, the angle AOB will remain 
constant whatever be the value ot a. Also, siiiw during the revolution 
of the cranks the |ioiiit P divides the link Ee in a constant ratio, the 
resjiective distanees On, Ob, reniain constant 'riieiefore the diagonal 
reniains constant Heni'e, as the eceentiics levolve, the parallelogram 
OaVb revolves about 0 vvitlumt changing its shape, or its angular 
position relatively to the lines Ct,.! and OB, lienee, since the prqjeo- 
tion of the ili,igonnl alnajs gm s the distance of the point P from its 
eentml position, OC, it is the “eijimaleiit eeceiiliie ' loi the motion 
of the point P. 


A \ 



Fig. 100. Homv M.Fsr licei vrnie eoiiiiKsros’iiiMi with the 
S mi-uriEi) tisAii. Fio U‘J. 

Again, the point a divules the hue 0.1 in the same piopirtion that 
the |KUiit P divides the link Ee. Also b divides the line BO in the 
same jiroportion that P diviiles the link Ee. Theretbio 

Aa:uC=i Gb: bB, 

and the angles .1«C and CbB are eqii.al. Therefore the triangles AaG 
and CbB are similar. Since, therefore, aG is p.amllol to bB, AC is 
parallel to CB, but C being a common point, tho lines xlC and CB are 
in tho same straight line, and this line is divided by tho point C in the 
same ratio that a divides OA, that is in the sahie ratio that P divides 
the link Ee. Hence to find tho equivalent ‘eccentric lor a given 
jHisitiOQ of P:— 

Sot out the two eccentrics fram a eonimon point 0, making the 
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constant angle k with each other. Join the ends with a straight 
line and take the point € so that it divides AB in the same ratio 
that the assigned position of 1‘ diviiies the link Ee. Join 00 
Then 00 is the equivalent eeeeiitric for the motion of P. 

The equivalent eeepntric,is shown dotted iii Fig 99 It wdl now b.' 
understood that, if the equivah'iit eceentiie Is* maiie a real eecentric, 
and if the point P is connected to it tu a real l•ceentMl• nsl, and both 
the actual eccentrics and the link be taken away, P, being constrained 
to move in a .straight line, will receive the same motion from the single 
eccentric that it actually ri'ceived from the combined ai tion ol the two 
actual eccentrics and the link 

The link in Fig Oil wdl receive the same motion if it is driven by 
the eqiiivahmt occentiic and eithei of tKi' actual ecceiitiics, the other 
being suppressed 

For inst.ince, siqipose OA to be connected to the link as b. fore, the 
dotted t'qiiivalent ecceiitiic gear to be made into a real ge.ir and the 
eccentric Qll and its gear to be siippri'ssed altogether Eveiv jioiiit in 
the link will move in ev.ictly the s.ime way as it did undei the joint 
action of the ciaiiks OA and QB. 

Examining the motion of the point A’, it will be found that it may 
be considered due to an imaginary ecceiiliic (JB fonnil by joining the 
jHiints A and 0 and taking B so ih.it 

vlC.f'P = f/’ PA' 

97. Approximate theory of the Stephenson link motion. 
SqulTalent eccentric. I’.nssnig fioni the .siinplilied form. Fig 99, to 
the actual form. Fig 101, the niaiii ditfereiices in the conditions of 
motion of the link are.— 

(1) The point P is compelled bi move in an evact. or in some 
c-ascai an approxiin.itely horizontal line so that when its position 
is changed relatively to the link, the link itsilf must tie raised 
or lovveied, 

(2) The point e moves nearly in a line, jiassmg through the central 
position e, and the centre of the axle, .iiid A moves nearly m 
a line, passing through its central position and the centre 
of the axle. 

Now, the motion of P can only be approximately representwi by an 
equivalent eccentric, b?caii.se although tiir any one contigiiration of the^ 
gear it is theoretieally*poasible to coiistriict the iiarallelogram (JaOb of 
Fig. 100 and obtain the diagonal 00, the combinexl effect of the changes 
in the configuration of the gear, requires, that the parallelogram be 
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slightly (‘h«ng(‘d in .shaj)»> for each change of the value of a, if the 
projection of its (li-igcmal is to iiccMii.iti'ly rcpresrjit the motion of P. 
Thus, (luring tho rolatioii of thr crmiks the shajK' of the parallelogram 
is continuoi^ly \aturig aliout nuiu- uiic nu-.m shape Th(‘ length of 
tho i‘<jiiiv.U‘‘nt (‘((•♦•iihif is tin lefnh- continiioiisly eli.uiging slightly 
both in leiiglh and in ils angular p-isuioii lel.unel) to the real 
(‘Ccenliics l"i a gueii value ot u. 



Since lht‘ link inohnn is to he usid ,is .m < \pansion ai.a necessaiy 
(■•uidilK'ii wliieh must he fiillilled h that the laiMia^ or lowrung of the 
link shall not seiionsjy iiiteil. lo with the it'.al <•! (he valve loi all the 
pu'wihiii positions ol Pm the hiiL Tlie gMiturini .il piol)!iiii m,iv Is.- 
stated as follows — 

I‘ia<'e tin- laaiik .it tie- /eio position ami timl ihe foini of link 
so that. it. laav lie nio\«(| iioni one «•\llrll|l■ position I'l (he other, 
by the vvetgh-har sliafi without moving the jioiiit I\ 

This prohlem pii'sent.s no dillieiili\ ihemeticaliy, b<rause it is ejusy 
to find th<* sh.ipe to which the link must, l>e curved to fiilDl (he given 
condition, hy dmwing tin' sovt'ial coniigurationM of the geai cone- 
spondnig to a snies of position'; yl the jMinib of simpeiisiou l\ whilst the 
crank is kept at zeis) Viaetieally, however, tho prohlem cannot be 
solved for tho Stephenson link motion, la'cause the theoretical 8 ha|)e of 
tho link must necessarily he of vaiying curvatuie. wlnlst in pnictice 
the link must bo made of constant cmvature to enalile a motion block 
having sinf.ice contac^t with the link to bo used iii tin' slot. Hence, the 
link must be cuived to the aie of a curie, The usual practice is to 
make the radius of the link etjual lo *110 commoD length of the 
eccentric i-oda. 
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The motion of the [wiiit P may now bo (>\amin(il in onlor to fix the 
equivalent eccentric correBporwhng to a given jjosition of P in the ulot, 
that is corresponding to a given value ol «. 

It is aSBUiiiod in the investigation tliat’— 

(1) The iiointeniovea vvjth sinqile harnionie niolion m the '.Iraiglil 
path ej) , and A' with siniple haiinonie iimtion iii the straight 
path KJ) 

( 2 ) The llieliiiations, atal y, of the two paths to thi‘ line of 
stroke of the valve aie so sioall that, / Is-iiig the eoininoii 
length of the eei'entrie rods, the sine.s ol the angles ale given 
lespeetivel) hy 

that IS hy 

where r lepresonls half tlii' li'iiglh ol tin' link, and that the 
cosines of tiu' angles are so neaily ninl v that eo« ss . os y = 1 
may be wiitteii without introdining seiisihh' eiioi 

( 3 ) The value of u remains eonslant thiiing rotation ol the eraiik 
The nietliod followed 13 the same in pimeiple as that used I'oi the 
simplified loim, onlv now the displaeemeiit ol I’ is to be evpiessed 
in terms of the mam eiank angle, the eereiilrii ei.mks being fixed 
relatively to the mam ei.mk by their lespis’live angiilai adv.mees 

Let the gear have the conligiiiatioii shown in Fig 11 ) 1 . U is lived, 
and u IS assumed to have a const.mt value. T'he oiil} vaiiable angle 
is 6. 

The angles in.oh' by the eeeeiitries tki, Oh. willi their respective 
lines of stroke, are <iO(j and hOp Kvpiessing tin 11 . terms of $, the 
Biigiilur advance.s, and the inchiiatiuiis of tin' liinsi eO and KU, 
qOa = ($ -P + ji) me.i.siired coiinteieloekwise liom Uq, 
pOb = 360 — (7 + 1^1 — 6 ) me.Lsiired eonnteieloi kvvise from Op. 

The displacement of e Irotn its centi.d position m its hue ol stroke m, r, 
being equal to On, 

r, cos (d + di, + ft), 

and since eon ft Ls token equal to unity tins also rejiresenta the displace¬ 
ment in the direction pivallel to the direction of motion of P 

The correairondiiig iksplaceniciit of P relative to the point ft is 

X r, cos {^i) + ip,+ ft). 


Pr , Pft 
I I ' 


aiul 


D. r. 


13 
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tlic ({ispl-u’i'iiirnt of E from its n'litnil [losition ih. bcinj( equal 

to Oh, 

^3 < "S . 

.irid ... Y IS t.iki ri (s|u.il to iinit\, tins alsf) n-picsonts tlic displuco- 

nu’iit to tin diK-itioii lit mol loti ot l\ 

'i’llc C'l>lU‘’'[K>M(iinL( fll'^JtUc'rllUTlI nf It |al^\(‘ til till- |Himf, 6 Ih 

Il.aifi. till' displaociiii'nt of P, tiom Us (•l•lltlal position. ^o\oii by the 
sum of those sepal.ill- displacemonts, is 

ii=i, ^ (c^, tf ( , eiih + . (1). 


The displaei'inoiil i c.ui ho (•,d''iil,UMl liom ilns oxjinssioii lor any 
assi^miU \!iltie ot u and 

j'Ap.iiidin^^ (his o\pioss|nii, dioppino (he sniTi'is fn rand since 
thi'se (pmnliliis aio iisuallv iiiado n spocli\ol\ oqn.it, ainl willing tlie 
teiiiiH as laotnis ot sin 0 and (os 0,{\) hi foinos 

a- = rcus^^ + cos (y-(-(/)) y 

+ rs\n 0 ’^sln*(7 4 " sm (i;6 +/?) ^ .(2) 

[ -0 \ 

Expanding I ho cosmos and sinos ui the In.iokots and willing 

cos ,^ = eos 7 = unit\, 


^ roos^ l^cos^-sin I '’"17 J 

1 af '’4 1/ ) V 1 

+ rsin(Mnw(/) sin 7- ^ sin/ 4 -- smi^ . {.]) 

SiihstUnting (lu \:diio ’ for i 3 and tin- xaliio^^- for sin 7 

this I'Xpiossion fiuthor lodinos (u 

f “ //^ • ) (/I } 

ic J’cos-Vos^ ^ sill— i-sin 0 ' sin 1^^ .(4^*. 

This IS the siniph'st foim td which it can be lodncid. 


* It cos (UO I 3l-- - sin A. ami sm (‘lO s3) -c.is 5 aio ri’'.ptcU\ely mtioduci J mto tbia 
a(}uatkOU 111 pluri' uf cos f> niui sin (p, it u-.Uiei s to 

.r , *•' m’ ,1 J 

-f cos // sin d + — ^ - 00 s 3 -r sm cos 3^. 

Chnnijini; tbc sitrns nil tboui^li, this is the form vn which the ti>|uution was origiaall/ 
given b) /.unui. 
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Tl»«‘ copfficiciite of cos ftiul sin $ in c*x|>rt‘ssion (4) an* consUntn for 
& juirticular valtii* of u, noglocting iht* smali V(iniiti«*ns of u discniKsed in 
Artirlo 1)3 Henci' tin* (hHplaociiK'nt of th<* \Ml\r fnun its contnil 
position niu) be 

.1 ~ A cos fi — It .( 5 ). 

whore A ami B .no nijiKtiuits, h.wing tin* 

( J 

= r -^('os (i) - , vin A 

I ^ ) 

= I I ^ •'in <^|. 

No ro''fiirlmn u.i> jMit upon tho ni.»i;nitnih «>t tli** aiiglo in llu- 
prmditjg iM\i siii^Mliuii, so ib.il tlio < \pi«-.sioiis .m inir for all \aluos 
of </) b»‘t\vt‘i?i 0 .iml ‘51)0 ibgiM-. Tb<’ •‘\pifS''ions .ipp!\ tlioi.-foi-o to 
all .iiiangt me nfs of tlio link inoHi.n, nln-tln j uitli ciossod or upon hkIs. 
pio\i(ling .iKv.i^s lliat tbo anglo */» !•' mii.imumI hi tin'posiiuo tliroolion 
fioin tin- (■rank to (be ecc(niiic i.uiius wbi'h is (oupleii (o |1 h* t(*p of 
tin* link TIk following Tabb ■^bow' iIm* (piadiaiil in \Nbicb tbc 
em-ntiic i.idins f.ilK ior .si\iia) (.ise.s 


td). 
■ 0 ) 


TAllI.K S 


0 ftillH l>(‘tv(V‘n 


Open lods. (hiiside St( .nil Adnii*''''on Kigs 
H2 and S(i j 

!Kt and iHOdeglees 

Crossed umIs Inside Admission 
ami iMl 

Fi(,'s n:i 

27lt . 

, ;llill 

Ojn-n KHlswitli a nxkingsb.dt 
iiiissioh Fig H4 

Inside Ad- 

91) , 

, IM) 

Crossed lods with a nnking shaft 
Admission Fig Ho 

tlillside 

2711 , 

, d'iO 

Crossed reals Culside Adim.snion 

Fik hii 

IW) , 

„ 270 „ 1 


To illiistmto the ffciioral chiiriK’tor of the i-i]inwrons iS), (li), (7), 
take the (hit.i ('orics]Kin(l]ii)' to Fif; ttl!, iilitl I'lilculalo thi- nmIim s of /( 
and Ji f.»r lull forward aroai, where u - lA' - aln.. I = M)", c H 25", and 
r=2S75" , 

In this case, (j) = lO-tJ ileifn’C!, an<l therefore 

cos ^ - 0 25, and sin <^ = 0 968. 


12-2 
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, < 

Substituting those >alucs in oquationa {(>) and (7) it wiJI be found that 

J--1042, 

1517. 

Hence I'Xph ssion (.5), for the diHpIacement. beeoinos 
((,•=!—] 042 eiw — 1 517 i^ii 0 

Again, consider th<' sune gear when anangtsl for Inside Steam 
AdniisHKin with crossed rods, as shown in Fig. 90 
The angle (p is now 2fl4i degrees, and tliuielore 

cos ^ = 0 25, and sin — 0 iMiS. 

Tlierefoie A = 1 042. 

fl = -t5l7. 

and 1hes(‘, nitiodiicod in exjnission (5). gi\o for the <]is|)laconient 
a' - 1 042 cos ^4-1 517 sm 0. 

Finally, HHjijiose the gear aininged with cros-si'd lods hut Outside .Steam 
Admission, as shown m Fig 89. 

The eccentric eoujih-d to tlie top of thi* link is now the one which 
determines m-galive roUtion Xe\t itlieless, the angle <j> in to be 
incasuied tioiii the crank to it, giving ^ = 255} degiees. Theieforo 

cos^ = -025, Mn^ = -0ithH, 
and A ~ -0095, 

7/= -1517 

The expiession for the displacement then loio becomes 
a: = - 0 4 cos 0 +1517 sin 0. 

Comparing e«|n.iijons (5) and (7) with cpiations Oi) to (R), .Article 
72, it will lie .seen that the quantities A and Ji ma\ he looked upon as 
the lectangulai piojectioiis of a ciank of ladius p and angular advance 


That 13 

A = p a»s ^.(8), 

Ji=pmi^ .(9), ^ 

= .(10). 


The quantifies p and define the “eipiiv.dimt eccentric” for the 
particular value of a taken. The senes of* eipiivalent eccentrics 
corresponding to a senes of values of u, may bo used to eiaminc the 
distribution of steam efiected by a given link motion, the results being 
of course apjiru.ximate only. The calculation of a senes pf values of A 
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and B for tbit^ purpose may be avoided by using on equivalent geometrical 
metfacKi 

When A, cq. (6) jwigi.' 179, l>ccomcfl equal to rcos<^ and B, 
eq (7), becomes equal to rMn^. The oipnvalent m*eiitne then coin¬ 
cides with the actual ecci utnc wliuh is coupled to the top of the link. 
When u = “C, the equivalent eccentnc comcKles with the actual ecceii- 
tnc which 18 couple<l Uj the Ikiilom oi the link. When « - 0 , 



n=~~o, 

tan <p ~ 0. 

Therefore v^=.() or IHO de^rt, i-'n, accordin^^ to the' anani^eincnt of the 
Re ir 

Let the Rear he arniMRed with open i<»ls an<] for (Oilside Mt^'am a<i- 
iniasion .ts illustrated in Kir*^. 82 and Htj Then tills between 90 and 
180 deRre<‘«,, and ..4 will be iieRative, consequently w hen n =? 0, ^ = IHO 
degics'S. iil.u ling from a = 0 .ind e.ili ulaling the values of p and vfr foi a 


Y 
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series of positive and negative values of a, it will be found that thu nuliiis 

of the equivalent eccqptnc increaiais in length from r -jeost^- -^sin 

when tt«0, to r when u« i c: the angular advance ili.-creaaing mean¬ 
while from 180 degrees when u=s0 to when 
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, # 

H Ihcw « cccentn<*«. be pl<>Ur<l thnr ends will bo found to 

lie (in a j),inil»<>lie curve insti-ad "fon u stiai^dit lino as in the case of the 
Hiiiiplifu <1 l"Mii gear exumine<l tirst. This is*easjly |iic»ved as follows: 

Jjcl. the Cline nph, Fig HfJ. rejircM'iit the locus of the end of the 
(•((iii\,ih nt.( (ci-iitm*. T.iho iin\ jtoint p onlheciine. Take a \(‘rtical 
line tliiniigli (f^ ku lie- axis ot and h't tlio eooidmateH of the ]K»iiit 
he j and i{. Tlu'ii j- n e(|ual to tlie dilVeierice between the xalnes of A 
when II = 0 , and when u has the value «, eoiiespoiiding to the [laiticular 
l■^(Ulvalen( enciitiii Op. Thai is 

ja,’ 

.C= ^ slli^ 

The oidiiiah y i^. given hy the value of li <ones|jiuuling to the value 
a,. that IS 

II - sm 6 
' c 

KliininalJiig a, tioni these two equal ions, 

y--.I ■ sill “ .f X a I oiistaiit. 

TherehiiX' the riiive is a )»aiahula, whose vell'A is al t/, 

The pui.ihola thiough the ^aiint 0, and the eiicls u and h of the 
eccentric radii would not (htlei seinihlv liom (heaic oi a ciieh in any 
practical c;use The ladius o( this curie niav he found h\ means of 
the Theoteiii. (h.ii the jiiodlicfs ot the segments ot all) two eholds in 
a circle are ujual. Applu'd to this paiticiihu ease it gives, Fig. 102, 

0 ,d X if(^ 

The distanc*' is the dillereiiee halweeii the values of A when w*0 

and when i/ = c, llial is -^^siti(/> The distauee ihi is the value of 
wlnn M = c, that is / sin0 

The radiius ot the laig«‘ eiich- heing lepieseiited hy /?/the distance 
(IQ IS sliK'tly (‘(jiial to (2/f - 0,il), hut foi the pieseiit pui[ioso may be 
taken t'qiml to '2,H simpl), sinee is alwavs small e<»injuied with (IQ. 
Substdiituig thesi* values in the above e(jiiatioU ami solving loi U, 



*Multip]\ing immorator and dtuioiniimtor by 2 this becomes 
-k' * ik* 
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winch IS (mm* Article 05, p.ige 170) Mr MfK'fjirhuio (jrc\ V rule so fjir «8 
the nulius im c<»ncern(*<l. 

Tho jirtiml jio^ition in thi- .ire *if fli»* cm! thi* cj|inv.ilent eccmtric 
eorresjxuulin^ to ji );i\on of u, oi\rn Ii\ <*alt ni.itinLf the lahio 

of 7A or what .iinoiinls to pi act k all\ I hr ''.inu* thiny. i.ikin^ the point p 
Mi that lh<' ate im iIimiIimI ]n«<p'>iti>>it ilK uiili thr link. 

ii 

\ 


h 

Fig^. 103. \M M’ liMMlUC 1 KiissU* loiO*- Ol’fini \l)MISKlciN 

In tin* c.iv> .•( cios-nl |..(ls witli ouf'.iilr .strain .Mlnus'-iiin, as aiianoeil 
in Vi.' MO, iii< I.It Its ol 1 1ll* oml of (111 «tjm\ah nl r< nttn* is a panibola 

hilt it Is irllMX tu\s,in!s llic irJillrof tllC sll.lll as sli.iwil in Ki^ lOll. 

The rtnnl.u ai- is |.» In iliann with tin* ‘'.im. tailiiis as hrtoic, but 
ion\<*\ (ouaiils tin nank shall as ni (In «asrnt (he paialiola i( l••plac^*s. 

98 The design of a link motion. 'I'ln* ditlurnt s(< ps m (he 
coursf lit a ili’si^rii i,ia\ In* ainnij^jul m tin* ok), i 

(1) M.ikr a pM limtnary <lpa\N iin,^ "1 tin* l^i .»r, jnlajit ini; I In* ^M-ncial 
<)uii'*n‘'ions to tin* spaci- a\ai]aii|c, 'Phis (lia\Mnj.( Hrttlra tin* 
Irn.,'th ot the littk 2<‘, tin hnoth ol (In- rrrrntnc hmI J, nrif) 
tin iiiiMinnni value c>l m K<ip tin- ueinine lods im long 
as possihlr and (In- ralio oi (In* kiigth o( the roils to tlie length 
ofiln* link trasonably laige 

(2) Nl glert (he .‘(fret ot (In ol»li.pul\ of thc conn<*c(iiig Toll ami 
(assiniiin:," proper values for tin* (ui otl. had, and imiMiiiiiin 
opening lor sti-atn in full geai) lind the eijuuahnt eeei'ntnc 
p. v/r, and tho steam lap eitln i 

(fi) geoinotrieally, b\ the iJilgiain di'igram, as j;i Fig 50» 
j)ag<‘ 77, or 

(hi analvtiialiv as m Aitieh* 75 page 12-i 

(3) From the prcce*ding Article, equations {(>) lo (9), 

pcos*^ = *1 = i* [ Co9(^-^ S1|1<^I. (I), • 

pHmi/>' =/y = r^” hiiK^j .(2)^ 
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a pair gf sitliultaneous cqiiaticms in r, the eccentricity, and ^ the angular 
advance of the eccentric to be coupled to the top of the link. 

c“ - a’ . • 

Calculate the value of using the luii.vunum value of », and 

denote it by p. 

Calculate the value (jf , u'-ing the H.ime^ value of a, and denote 
it by q. 

Using these values in (1) and (2) and dividing (1) by ^2) to 
eliniinatc r, 

cut <l> = q eut yjr + j) .(.'1), 

troni which </> can be calculated. 

Then )■ can lie found froiii ec|nation (2) 

If the actual ecceiiliics are made willi the eccentricily r and set 
with respective angul.ar nilv.iiiccs +0 .iiid —ij> the gear will give 
approxiiiialciv the disiiibulion speciHed in full gear The distribution 
for values of u other tli.in the niavinium, ami the actual distribution in 
full gear, must be found fioiii a diviwiiig of the actual displacement curves. 

Example. De.sign a link motion .so that cut off lu full gear occurs ' 
at 70 per cent, of the stroke, the load and maxiiiiiim port ojieiiing being 
respectively O'l inch and 1 inch. Following the above instructions;— 

(1) A.s3ume the motion to be of the general character shown 
in Fig 70. The motion block cannot be brought exactly 
ojipo,site the end of the eccentric ri»i ill lull gear, .so that the 
inaximuiii value of « will bo le.ss than c. Let this maximum 
value bo iv inche.s, and let the length of the link be 10 inches, 
so that c = 8 inches, and let the length of the eccentric rod, I, 
lie 48 inches. 

(2) It will bo found that with the data given 

^ = 124’ 50', 
p = 2 1 inches, 

.Steaui lap = 1 1 inches. 

Crank angle at cut olf=lI3’ 35', neglecting the obliijuity of 
the connecting rod. 

(,3) Calculating the values of p and q, 
p = 010I, g = 002S. 

Using the.so values m equation (3), ' 

cot — 0 333, * 

^ = 108 27'! 


from which 
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With this value of ^ in e<iuation (2), ;•« 2 92 incfies. Honco 
the eccentricity of the actual eccentrics must be 2 92 inches, 
and they must be set on the shnft at the respeclivo ang^ular 
advances, 108' 27' aiid -108 27'. 

99. The design of a link motion, continued. The weigh* 
bar shaft. Having (»btained the general <hnn‘rision.s of the gear, the 
centre of the vveigh-har shaft, and the length of its arm, may bo rhomin 
within cortani hn^tatlon^ so th.it tlie ineijualitios of cut oti' due to tho 
obliquities of the coniuclnig and eeceiUrie loils may he diimnished, 
and HI |uilieular ea.ses mav he ijuite coih'i’tcd 

The way to <!*) this is lu tind goonietiieallv a numhor <'f positions of 
the point of snsjirnsion U, ea«'li p<'siuun of U being fixed so that the 
small vertical movomoiit uliieh llie snspoiuling r(»il.s, vihr.iting about it 
as ceiitie. give the link, (suiilum-s with tlh' hoii.'ont.il moveimuit tho 
link roc''i\e.s liom tin- cceontnes. to luing the valve to the left of 
its mid positK'ii. h\ a distance e(jual to tfie steam laji, at the instant 
th(* piston IS at ,i given pi icoiit.ige ot its slioke in th<‘ inHti<»ke cycle; 
and to the ri;^ht of its mid posifion, bv a distance ecpial to (he stiwu 
Lap, at the instant the piston is ,ii tin* .s,ime jK-ic«‘iiiage of the stroke in 
tho oiitstioke e)ele 

When a ninnhiT of jiomts liave been faind for e(ju,ahsing th(‘ cut off 
at a scries of percentages of the stroke, the weigh-har shaft may bo 
designed so tlial tin* arc dew iibed by the end ol its arm p.issos through 
one or two ot them, or has a suitable mean jiosiUon with reference to 
tho whole group. Since the locus ot V must l)(‘ made an arc of a circle, 
any thre<* ot the ])(*sitions ot U tix both tho length of tlu‘ arm ami its 
centre unupiely, but it .seldom ha]>pon8 that the solution tound in this 
way can be practically used Woiiing the jirohlem in (Ins wav, how¬ 
ever, generally lead.s jiretty ipnckly to tin' most appropna(e compronuse 
in the dinnuisions ot the weigh-b.ir sh.-dt and tb< j»ositio;i of its axis. 

The details of the o<ais(nn‘tion f'*r tuing one |)osite>n <»f i/ in order 
to equaliHi' tho cut otV at htl jwr cent, ot the Mimko, |M>Mitive n^talion, 
are a.s tollows, the data iHung — 

Suspending i<k]s, t2 iiu he.s long, jointed to tln^ link at the centre. 

Connecting cranks 

I =>4H inchisj. 
c ~H inches 
r » ^84 inchi‘S. 

^ ss - s: IOhJ degrees. 

r and ^ arc the values haiml in tin* probh in of the last article. 

(1) Draw a circle of an^ nuhiw OKi to reprewent the j«ith of the 
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, • 

trank pin. I\ , Ltt xjh Ijc tlic line of stroki' so (liat «,.s rcprr.sonts the 
stroke of tin- pMoij. T.ilu- the jmint c, so that = yj of 5 ^ 1 , and the 
IKiint (\ ^o flt.il p, "t s^s 

Kind tii»'(‘oiK'sj'ondi/j” 1 laiiK j»in yr,./r,, and fiorn them 

wt oiil (In* (‘(‘Dirts f)/ iIm> .•(■(■(‘Dines, (/,, /(, fjem J\\, and n. k frtjni 
/\j. file aiiLjles .iiid cauii erjua) to 

degii's 



(2) Draw the link 111 the imd-gcar ])osition when th<‘ rrank is 
res|}t'(‘ti\i*ly at 0 and 180 degrees. The jKndl,s at \\hi(jh the link 
outs the line of slioko are nnukcfl and oi/tho diagram. Fig. 104. 
Bisect the dist.iiiei' in ). Then a vertical through F repre¬ 

sents the eummon axis of the displacement curves. Sot out FZ/j^the 
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8kwm lap for the instR)kt' cycle, I'/zj, the ateam lap for tfio outatroke 
cycle. 

(8) Willi radius to thi- lriit;th of tlu* occmtrK- rods, and 

centre's a^, hi aial h. ie''[»(rli\el\, diaw itMii-tinilc an*s winch 
are shown on tho dr.iwiy^^ pa^^in;^^ thion^di the lospoctive jxnriU 
AV Tfioii at the of cul, oO m tho ins(rok<' eyoh‘, 

the Centre lino of tlie link must pass tluoaifli the point A,, and tlie ends 
of tho link nmsfc lie on the re^peetlve curv'i's c, an<l A’l The link 
IS shown in the ti^mic fitted to its ]nop<‘i jio'^iliun Siinil.ulv for cut 
off in tho outstioke e\elr. the ceiirie line of fh< link must bu titled 
to tho positi<*n eJyJij 

The line |oniirio- tho iosp«Mti\o positi<iiis of ihe ]»oint of the link 
at wliK'h lb is joinlod in ihi- ^Usp* iisH'Ii i«mU nia\ )»e le-.Mided as 
the Imm* of an j'so>,coios lii.inijle, the eipi.d .sido'^ of wlneli are the 
ies[H'eti\e jio'.ilioiis ut tho snspniiiino uliosr h n^tlis are assumed 
kmnvii The point ol suspiuisioii (' is (horo|nn> iixtd 1>\ ihr apex 
of the tn.inole 

In the pioM'iit ea^o tho link !«-in:; jomtod with tho Misjionsion rods 
at the csMilre, the ''h<»rt lino jndieat< d by (/,, llio Ihtse ot the isosti'les 
tn.inglo.and T,,, is the coiii-spoialm^^lio-xilion ot the eenlro of siispon.sion 

Otbo] po'sitioiis of r < 1)0 toinid in .1 siitiiiai maniioi In thiMlia^a'am 
lour posit i.iii’^ ol /'an shown, ii.uiioU (iio.sc .•,|ij,disin^ cut oH at 

(!t) [»oj rout foj )»osi(iv( ri*t.ition .uul iiidi(Mtod liy 

80 „ r.,. 

80 „ iieo.ituo lofalion „ „ „ 

00 „ , „ r.,«, 

The pijsiiiiin 1' must o«‘eiip\ .0 mid ooai is shnwn alscj ami is hmiid 
from till' base 

The biUjes <d the tnan;;les. ol wliieh tlios< points are l]jo apoves, 
are shown In full lines and aie indie.itid bv Q,„, eto Jt is obviously 
impossible to fix the wei_L(h-b.ir shalt .so that tin* emi may he turmsl 
successively into all thes*- pi^sitions The last tliat e.ui bo done is 
to arrange the o»-ntie so that, tin- ond «*t thi* arm descubos a eircnlar 
path jussing thioiigh Uj^f, ami as neai .us may be to the other 
(Kisitions. 

In the figure the five positions of U wliii'h are surrounded by largo 
circles have been tlmml on tlie supposition th.it the link is jointed to the 
mispenmon rmls at th^ lower eml E Tlie doited lines Kf^, etc., show 
the Ijases of the triangles from which these points were tound. It will’ 
be seen that the five circled jswitiona of U lie more closely bo a mean 
circular arc through the niid-gear p(«ition. 
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This method of considering the designee." the weigh-bar shaft 
is due to Mr W. H. M.iw, and was published in 1871*. 

It lull be char from the foivgoing that, when the link is suspended 
from the (jenire, the weigh-bar shaft may he fi.ved by the following rule. 
Find the poinl If fur mid-ge.ir, and draw a line through it pamllel to 
the line ol striike Take If the centre of the «veigh-bar shaft on this 
lino, choosing an aim long enough to aioid loo niiich angular motion. 

100 The Oooch link motion. Refi'rencc has already been 
made to an essential condilion that a link motion must fulfil if it 
1.S to be used as an e.'cp.ansion gear, namely, that the changing of the 
position of the motion block m the link .should not seriously inter¬ 
fere with the lead. It has also been slioiin in the ease of tho 
Stejihensoii link mol ion. (hat although for a giieii position of the 
motion hloek in the link the lead may he iii.ide pi.ielieally equal 
for both eyeles, yet iilien the position is ehangeil, the lead increases 
towards niid-gear luth open eceentiic rods, and deere.ises towards 
raid-gear when Urn rods are crosiseil m the «a_i ilhistmled in Fig 81). 



In the Oooeh link motion tho lead remains enn-stant for all positions 
of the motion block m the link, but this is not secured wilhout making 
the gear more complex, as will be seen from the ccntie lino sketch, 
Fig. 105. The centre of tho link, Q, is compelled to move in an arc of a 
circle by the siipiHirting link QZ, which vibr.ites about the fi.xed centre Z. 
The valve nal, now jointed with tho valio spindle at V, is held by tho 
..siispcniling link UJ, V being the centre of susjiension. The position 

of P in tho link is controlled by the turnuig oi the wcigh-bar shaft 

« 

* See Locomotive iCngineering, Zerah Colbora. H. Colima 8on, Loodoo and 
Ql&agovf. • 
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about its fixed axis if, by the reversing rod R. In this gear the 
displacement of the point V repiesents the disphtcement of the valve. 

The displacement curves may be drawn by the same mcthcsl as that 
detailed for the Stephenson link motion. In this case, however, in 
addition to fitting the link to the arcs through the point.s e, E, and Q, 
the valve rod must be fittJd to the cenlie line of the link, the arc 
through J with radius VJ, and the line of stroke through K The 
positions of the link are however iiide|ieiidunt of the value of «, and 
once they arc drawn for say positions of the ei.ink, they will serve 
over and over .ag.im for the v.iiions jiositions of U dealt with. 

Approximate displ.icemeiil ouns's ni.iy however be obtained by the 
use of equivalent eeceiiliies as in the .Stephenson link niotioii, the in¬ 
vestigation of their elements tollowing the same eoni-se as that for the 
Stephenson motion 

The initial geometrical piobleni m eonneetion vvitli the gear, in 
order to seenie eoiislanl le.id tor all values of ii, ni.i) be stated as 
follows:— 

Place the crank at the zero po.ition and find the form of link, 
Bo that the valve lovl may be moved from one exLieme position to 
the other without moving the point 
The obvious Solution of this jiiobleni is to ciiive the link to the arc of 
a circle whose i.nlins is ecjiial to the length of the valve rod and whose 
centre is V. Then, whether the ciank is at I) or IKO degrees, the valve 
rod may be moved flora one cvtieiiie position to the other without 
moving P, providing that the jiouit Z is cho.sen so Unit y lies in 
the lino ot stioke in each oi these two jmsilmiis. 

The inve.stig.ilion for linding the mean evpiiv.dent eccentric fir 
the motion of V, is based iiiioii the lollowiiig assiimpLiorav.— 

(1) The poiiila e and E move with simple harnmiiic motion m the 
straight lines joining their respective middle iiositmns with the 
ceiitie ot the crank sliult. 

(2) The iiiclni.itions ot the.se lines to the line of stroke ,are so 
small that the sines ot the angles in each case are given 

by 2 ', and that cos /3 = cos 7 = 1 , where c is half the length of 
the link and I is the common length of the eccentric rials. 

(3) The ipiantity « remains constant during a revolution of the 
crank fir a giU'ii jKisilmn of the ccntie of suspension, If. 

(4) The ineliniitnin of the valve rod to the line of stroke is* 
so small that the horizontal motion ot 1' is the same as 
the horizontal motiou of V. 
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The Miirlviii^ nut is I'MU-lh the suiic as in thi' Stciihcnsoii link motiim 
(liiwri til ('i|ii:i(ii)n (O), Arlni' 07 lleii' the \aliu' ^ is to ho substituted 

for Mil. umI loi Mil 7 Alh'i this Mil»stitutn»n tho «.M|U<ition at onco 
r<-iluci'a to * 

a; ~ r fus fi lens 

Hfiico m llu‘ fuiiii 

,1'— *1 (‘.(H 0 - /^Mii 0, 


r ,} .[)l m u , 

(j> - S|J1 (j)- — ) sill (1 . CDh (p ^ .sill 

I \ (t 0 J 


.( 1 ). 


,1 --/■-|n.s ^ sill ('<is 

ly 

^ ^ ( ()s (/) I- ^ sill ipj = /) MM y 


. (- 2 ). 

Ci), 


p bniii^ tin* iM«lms ami \|r liu' aii^nUr mlviuicr <4 (lie f(|iu\a]i'iil t’C(‘ciitno 
Will'll till' crank is in tin- 'a-\o ]M)sitii>ii tlic c\|ni'ssi<tii tor llic lioii- 


zoiitiii |noj(M‘lion ol the ('(juivalcnl (•(•(cninc, name 



I 



(locij not, jnvul\(‘ }f, thei’ffon' it i,s constaiil 'I’lie emls dI iIii> .‘(juimiIi nt 
eCCelltllCM (heleliile lie oil a slMlL^ht lille at ii_Lcht ail^fles In the ci'ntre 
line, blit ilist.uil A iioiii llie centre ot (he ciaiik shall Tim \ei(i(‘.il 

illsl.uice <|| (lie einl nt ill.jllUaleill ecieilllic 111 tlim Illie, c..| [csiKmibiig 

to U ^ 1 \<II value of a, Js lolind b\ caleillatino the v.lllle of Ji Tf the 
value of a be e.ilciilateil (oi a = f c and a = — c. two points <i and !> will 
be li\ed in (lu' veitic.d hiciis, wlneli define the ends ot the (‘(juivalent 
occentue Ibi the extienn' ])ositioiis. Then since H vaiies as u, the end 
of the eijuivaleiit ecceiilnc in the locus, fir a f,n\en jiusitioii of P in the 
link, is found by takiiie p so that lU divnle.s ah in tlie Mine pioportion 
that P iluides the link 

Fig lOti shows a (loocli motion as it was fitted to the Sinclair 7' 0" 
single wheel passmgei i ngines ot the (.beat Kastmii Railway 



Although the Gooch link motion wgs extensively used for loco¬ 
motives m eailier da)s on account of Us then pev'uliur possession of 
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constant lead for all values of u, it has dropped out of* uw in the 
present day. 

101. The Allan straight link motion. As its name iinplicK, 
t!u‘ chnrartciistie loaiiur of (his ooui is th.it the link is stiai^'ht At 
the time link umtions \\r!r intioducfil the iiiakin^^ of a <.urved link was 
more difticult th.m il is now, and piol».il*l\ this l.iet dotormined the 
cndo.ivour to design a inoiion wiih a sli.iii^hl link Ki^ 107 shows a 
centre lni(‘ skiddi of the L^iMr Tin- ,i\is of llie wei^’h-har shaft 
18 at ir, and tin- aii^nil.n jiosition of the sh.di is <-onfioIIed hy tlu‘ 
reverMii^iod H. Tin n- me two aims foiled s<iljd amiIi ilu- w<i^li-bar 
shaft, naiijeh, 117" .ind H’/, ennineiitl jospi \M!h the sUaight 

link a( ('and wirh tlie \,il\e md at ./ Tie tiiinm,i> o| (he weii;h-]>ar 
sh.ift 111 the eloekwivi' due. teni. lowri^ tin- link and .0 the s-aine tunc 
raises the \.d\e iml, the lait-t (miiiM'^ ahoul (he |i''nt I'. Thus the 
(list.mee ot the (»till'* l\ III the iiioi Ion )>|im k II omi 1 III' <' lit i e. Q, of the 
link, that is the (piaiitiM u, now d> pends j.iinth upon the po.sitiun 
of the two " points "t su^pi iision," Z and /, 



The gear is similar to the Steplieiison link ni<*tioii m tin* lesjiect 
that the link is i.iisoil or lowi red wlnn the ot P is alt«‘i(‘(l, 

and it is Himilar to th<' (Jooeli motion in ihc r« sp. ef that the \alve rod 
IS raised or loweied tot tile same })uipiHe This combinalioii of the 
niechunuMl pecuhaiities of both motions mak« s it possible to use a 
straight link. 

Fig. lOH illiistiates the Allan gi-ar fitb'd to the G'b'', f(*ur-conp]ed 
passenger engines ot the Lomlon and Xoith Wesimn Railway—the 
famous “ riecotleiit ” (l.i'>s The suee**ss of lli<'S(“ ^.•ngllU'B in connection 
with till' e\pi''ss traflic of the railway i.s too well known to need 
coiiunent. As will be^seeu from tin* illiistr.il mil, I he gear is compiwt; 
the centre lim- ot the^n-.u is ineliiied to the Imi* of stroke of the piMfcon* 
allowing ample room lor tlio .steam chest, which lies, wedge shaped, above 
and between the eylmdeis, the ports arc ioniicd in the inclined laces 
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of the steam chest, and the \'alve8 work between theih. JTho way of 
the steam to the cylinder is made easy, and the way out is also free 
and unobstructed. 

A large number of engines on th<‘ Lorxlon and Niirth Weslorn llail- 
way were fitteil with this gear, though not all belonging to the ti' 6" elaas. 
Tho advantage of this ge.ir < • er the .Stephenson form of I hi' link motion 
IS that le.ss nsim is I'eipiiied vertieally to aeeoninioilate the link m the 
two cxtrenio positions sinee the veitieal motion ol the link is siii.illor. 
Also a smaller aiigiiliir motion of the weigh-bar sliatt is re(|iiin‘d 
to change the link tioni one extieme position to tho other, and no 
balance weights are reipnied on the vu igh-bar shift I am indehled 
to Mr F. W. Wehh Un the di.iwings Ironi iihieli Fig lOS has boon 
prep.ired. 


102 The Allan motion. On the proportion between the 

arms of the weigh-bar shaft. The niiti.d geonieliical piohlem in 
more roiiiiilex in this gear lli.iii in either ol the two kinds pieeeding 
It may he st.ited thn.s — 

I’l.iee the ei.ink 111 the zero po-iti.,ii and find the i.illo he- 
twieii the lengths of ilie arms 117^ .iiid IT/, so ih.it when 1* is 
mined rel.itnely to Ih,' link fioni one extn nie position to the 
olliei, the point F sh.ill rein.nil at iis| 

An exact .sohilion is niipossihli. h.it .in .ippi'oMinale sohilion, which 
makes the v.irialioii of IimiI eonsnlei.ihly li ss ib.m the v.iiiation in a 
Stephoiisiin link motion, ean he re.idili ohl.iined 

Consider tin' geai in its eenlial position. Fig KHI The eenlral 
point y, of the link, now cniiieides with llie ceiiii d |Hiint of the motion 
block. Ifeferniig to Fig 11)7, it will he su n tli.n when the weigh-har 
shaft is turned in the cloekwi.se diiei'tion, the centre of the link moves 
from the position shown in Fig foil, downwards, to a position y, shown 
in Fig. lOifn. At the same time the eentie of the motion block P, 
mo \08 up iuto a new position P, Fig 10!) o. The distance PQ is the 
corrcajionding value ol ii .issiiiiimg that the movement has taken place 
when the crank was at theO degree deinl point.,is indieatisf in Fig 109. 
The path described by Q during this moieiiient has a vary mg ciirvatiiro, 
because the link, as moves away fiom the ceniial pisition, moves 
about two centres, namely, the ends of the eccentne radii. The curva- 
ture of the jiath of Q nmy howeicr ts' considered con.sUiut, its radius 
being equal to the common length of tiie eccentric rods. Thus in 

13 


B. V. 
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Fijf. lOttcr. Q is asflmn<‘(l to have moved (iown in a circular path whose 
centre is A, and AQ is the len^dli of an eccentric ro<l. Also during the 
moveiueiit, the link n'liiains wuisihly at right ajigles to the line AQ. 

With th«‘w‘ assumptions, the angle PQH, Fig. 109 a, is e<[ual to the 
angle QAi, limt the sine ol both angles is ^I'AQ 

Th{‘ prohlriii now is, guru a positinri of to find what position P 
must occiipv m oidfi that llo* dist.mce ('’may remain ctmsi.mt. 

Let A(J = /, rP-o, 1V=6, the angle yjc-the angle PQIt = j3 
and tin- angle PI'/// == y. 

Then, in the (riilial position. 

4I ('' = « + /. 


e 




Fig. 109 a. Allan Oevr Proportion op tiik Wfioh-Bvr Shaft Ahmi 
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In a now position 

AV = I cos 0 + PQ flin 0 -i- a ms y. 

In order that A V may be constant 

a + 1 = I cos 0 H- PQ sin 0 + II <(»■«. y. 

Kvprf’.HMncj tho I'osints u- fhi>i ospr'-ssion miu'^ ami iisinj^f tho 

aji|Ho\imah' tn«-tlio(l v’ 1 - 1 - l»ii i.ln‘ lAttiU Imii ui tin- Hpuiro 

r(iot alLor intnuliK mj; (he \ahu-s» 

-t V- 1 '/i 

.''111 P- ''1*'* ‘'•*1 7 - . 


and wrlHni:^ I'Q = u = y, + sini*c i Ik* im lin ifnm ol I'Q is siimll, (Ik* 

l.‘Vpll•^sloll u <}llt i*S t-ti 



(1). 

Put y. = /I//,, and this rodin-es lo ihi* qii.nliatio 


u/r + 'iiiii — / • (1 

.(2), 

ihuii wliii h 


n - - I + V/ 1 1 ^ 1 
'' a 

. CK 


The (jii.inti!V uiiil' I ill'' mr.i wilt alw.us !»'' i lliati iini!so lliut 
if llH*-(-sK;n IS l.iKi*n a jvsiuvo value oi u wll l»e olitmiicii sis letjuih d 
l»y tho .issiiiiipti.iii 

In (In* ni(‘f liii’ii'-al an iiiL^einent of lln* i^eai (In' upward displaro- 
nn'iil, y,. dI i Ik pcin! P is ohta uk tl Ik ;^miii' a ■'in.illei <lis|i):i( i mi'iit, //,, 
1') a pi'int ./ Ill (Ik \al\i l.ik'-n nraifi to I', y^ lu in^ luuml iioiii y^ 
by tin pH'piuiioii 

y, .(i). 

Tho mliM betwitn tin* len'f(h>. d) (In* aims oi tin u. shaft 

IS given l)\ iht latin ))(|\V.r|| 7 ,iik) y,, High'•ting the tltii'ls ot tho 
obljijiiitv oi the link's/./and (>. Fig ID.S. Thai i", 

11-7 IVV 7 ,_ VJ 1 

II/’ ITxt/,' 17'"/* . 

Kor in.sUuKo in th«* Noith Westoin gear, 

IV =.30.5" 


Fnun (3) 


^ 1T=37' = //, 

, Q.-1=4H" = / 

„^(_1 + V 1 +1“) -0 5U 

13—2 



Uaing this fh (5) 


WU 


• ■ • 


1C04. 


Tho ivctuul value mcasnrod from the engine is 1’614. 

When the rnavimnm value of u is fixed, the distance, i/,, which th( 
point I’ must rise or tall from its central jsi.sit*on is found by eomlnninj 
tho relntiuus 

y.+yj=». 

3t,=i'yi. 

From these 

= . 


The ilislaiK'e ;/, which tin.litre of the link mines ahuvu or below 

its cciitial jiositiou 18 foiiml from 

yi="yi. 0 ), 

both tho quantities on the right side now heing known. In the case of 
tho North Wcstoiii motion, taking 11 = 4^', 

. y. = 2!)7". 
y.s-152". 


103, The Allan link motion, contlnned. Valve displace* 
meat curves of the London and North Western Railway 
straight link motion Illustrated In Fig. 108. hiince the line of 
stroke of the piston is inclined .6 degrees to the lino of stroke of 
the valve, the actual angular advance of the positne (forward) eccentric 
sheave must bo diminished by this amount, and the actual angular 
advance of tho negative (backwanl) sheave incrcasod by tho same 
amount in onler to find the angular differences lietweenitho crank and 
tho sheitvos to lio used m the drawing of the diapl.iceiiient curves. 

A sot of displacement curves for values of tt, 

4i'' 3" IJ" 0 -IJ" -3" -4J'' 

is shown in Fig. 110, together with the piston displacement curve 
and the lap lines, the combination forming the valve diagram for 
' the gear. A detailed explanation of the iKagram is unnecessary 
since it is lettered in n similar way tp, the valve diagram, Fig. 86, of 
the Great Eastern Bailway link motion. , 
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Tho nio^t iintu'caMo !►{ the Allan gear brunght out by 

tljo diagram Jii ci>tiij»iMM»u ^M^h the St*‘ph('nson link motion in that 
the lead 18 ii'ailv eouHlaut, o(her\\i‘<e the |tro|)erlu's of the gear are 
much I lie hame Thr pere<*ntage iliugiani, Fig ill, is drawn by plotting 
data ohUiiiied tioiii llu' di^plaeciiieiit curves on a “?*’* base. From 
these euivfs iln‘ disliilmtiuu in tin- two*c\cles. together with the 
iiia\iniiiiii poll opening'' hoili tor steam and e\huust, may he found for 
any assigru,d value ot u. 

It should h<- eh aiH iindeisiood that, as ?ii the easi* of the Stejilnmson 
link motion (see Aiticle H.S), a slight change tii (he jiosition of the axia, 
ir, of the weigh-lt.ir sliati, slightly changes the shapes of the diaplace- 
mciit Clines, and a slightly ililVeieiib setting ol the \al\e jilaces the 
vcrlieal axis of Fig lit) m a ditleieiit po«.iiion leialuely to the dis- 
placmuciit I'lincH so (hat the peiiTiitages ot the stiokc at wlindi the 
Hcveial events oiriir an also changed, with a consiipielit iiiodiHialiou' 
of (heeiUVi'S, Fig lU .Settlllgs of the gi .11 can healMVedat which 
give a better n-siilt in haw.iid gi'ur Imt <in)\ at fin- ex]M use of gieater 
inequalities in hath gi-«u The Hcltiiig shovMi m Fig 111 n one which 
given about eipi.dlv goiwl le.siilts in foiwaid ami liaekwaid g<Mr. Thi* 
,K'ic<‘Utages .it which (he sev<‘ial events take place an also mHilciiced 
siightK bv ehaiigi s in tile veitieal position ot (he s[»ring supported part 
of the engine, luswuse whilst the c.ailie of the eiaiik axle alwavs standa 
at the sanu' veitic.il (li«.t.mce above tin' rails, the centre of the weigh- 
iiar shaft ami m fact all the r«->1 <>[ the g<‘ai moves shghiU as the 
engine rises or kdls on the spiiiigs 

The resp«'cti\e paths of the eetilK' ot the link and the cenlro 
of the motion bl{K’k aie shown m Fig 11*2 hii the (mm- vvheie « = -f4r'. 
The distiinee beiud-n the <mnes, measuied along (Im link lor the 
position marked 0, is tlie v.dm' i>f’a, h'l this is the pitsiliun occupied 
hy the link wlnm d = 0 The slip m anv [losition ot (he link is 
the dillerem-e lK.'tweeii u ami (he flistauoe hi-tweeii the curve's tm'asui'ed 
along the link Fig. IFl show.s tumilar ciiives wle n h is^- 4,J". 

Tho drawing of the di.splacemeut curves is earned out m the 
following manner:— 

(15 Set out. Fig 114, (ho rontro line of the \aIvo motion, the 
centre of the crank ehaft 0, and the centre of the weigh-har shaft W. 

(2) Ihmg the ceiitio line of the pmton ge.ir into coincidence 
•with the ceiitiv line ol the valve gt'ar, thc«is>siti\e and negative 

• angular advames then being +10H (hgicr^ and —10b degrees. 

(3) Assume that a displacement cuive is to ho dmwn for 
a dehnitc vuluo of u. Di.iw tho wcigh-bar Hhat\ in the angular 
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positiof «Mitcsjx)n<)ing to the given value of u. The ap]>roximate 
positions of U and Z may bo found by getting out the values 
of //j and i/i oblainofl by calculation frohi equations (6) and (7), 
Articio 102, and tin* aetu.il positnuis which U and Z occupy may 
iheiK Ito found (jiinkly by trial. F<n evunplo m the case of 
tin- f.<'ndoii ,it»d Norih Western gcai, where n«0514, y, is equal 
ti> 2 })7". and equal to 1 52 inches when u is ccpial to 4^". 

(4) A snies of points have now to be found 4>n tlie displace¬ 
ment lor 24 i'(jiiidistant crank posilioiig. I/'t 0 be the 
anglr drfinino one positnm Set out the crank at this angle, 
and Itoiii It nn'asuie out the angular .'nl\anceH of the two 
and li\ the centres, a, b, o| (he ends of the eccentric 

r.idii 

(51 Fioni a and h resppcti\e]y as centres and with a radius 
equal to th(' eoiiimoji length ol the eceentiic iod«i diaw the arcs 
Cjiq and A’lA'j 

Fxom C as ci'nlu* witli ladius ecju.d to the length of the 
.siippuiting loll I'e diaw an aie cutting in e. ^ 

\\ilh i.idiu'' equal to the liiigih ol the link and finni centre 
e out the ai( A’j/i^ in A’. Then cA’ is tlir poMimn el the 
link wlu'u the flank angle is 0 

(0) Maik (ill tlie centi<“' ol the \alve rod F./i* on ii straight 
<dge and place the stnp on Ihe diawmg so that when V lies 
on the line of stioke, ./ Ih'.s on an aic stiiick from the centi-e 
Z with ladiius ZJ, and i’ lies mi the cende line of the link eK. 

This titling ol (he \jil\e lod is much facilitated il' a thin wooden 
lod uf length ZJ jitinted to the stiaight edge so that the point 
J is constiainc<l to ino\e in Us proper path by pinning down the 
end of the link ZJ at the centre Z. 

This ci'n'«liuotii>n <ieteimitu‘fl the position of the valvl for the given 
value of tin' ciank angle Pn)je<‘t this p<isition veitically on to a 
horizontal line cori'esponding in si'rtic.d jiosition to the gi\eii angle 
thereby fixing one piunt on the displacement curve for the value of « 
taken in seeium (3). 

Ri'pe.it this ronstiuction for the 24 jiositions of the main cmnk 
and sketch in (ho displacement curvi*. 

Assume ditteu'iit values fir w, and draw tin* i^lirn'siionding displacc- 
ment curves in like mannei Finally awld tin* vertical axis TT to 
satisfy some stateil condition of valve setting • 



VIl] 


Meeernng Oean. Link Motions 


201 



IV 



ns. 114. Sm-nna out an Allan Okar to find tub foaitioN 
OF V ooBRRsFONiiura witd a oivbi value on 9 . 
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104. ibe Allan motion, continued. Approximate theory. 
Equivalent eccentric. The inntinn ol’tlw p-guc 1] J07, may Ik' 

In .in nn'ih.id winch an (‘(|iiivalciit 

(wnluc !»• (thi.niud foi a <»f I* in the link. 

It in the lll.ll 


(1) Tli<‘ poiiiis r and H iitovr \Mih '«(iii|ile li.niiionie nxitiun in 
liiH" di.iwn lhi"in;li linn ir^jirciiM- niraii |M»Mtions and 
the n'lide (»l lln- (r.ltlk sii.ill 


( 2 ) Thr Ilii-lin.U li'lis III lln- lu 

Ilf IIk' V.d\i‘ .111- SU Mil. ill lh,U I 


(v/ 

7 ‘ 


uni 


/•;-/ 

/ ’ 


p.ilhs In ihi’ hni' of .^Irokn 
(• ''ini'' lit flic an_L;lcM aic 


>n1iim / Icniffh nf till' cMi'iiiiic ih.tf flic ihmiics of tin- 

nii^Lflc'i .III sc in .iiU iiiiilN tli.il 

(■CS,-^- cim Y l|llU\ 

(M) The v.diic of II ll■lll.lllls •oii'-i,iiii ilniiiiLf >1 i< viiluiicM loi a 
jfuen .mj^ular ]insition n| the \\( i^h-liai •'h.ili 

(4) The iiichii.ilion of ihc \.d\' rod lo ilic line of simkc 
is so sin.ill ill it flic Imij/oiital tiiclicii uf /’ is tin- sann* us thi* 
holl/ciilal iiiotinn of V 


The \MnkmL; niif is c\ai‘tlv the '.uiic .IS III tin Sfi phi'iivnii link niohon 
down til cipiatiiiM (M), Aiticlc !I7 Ihic tin- v.iliic ^ is to bn 

siibstUiitcil lot sin .ilid tm sin y 

Now V/'+/V) -'p -u I V,) 

and h'd (/i'kM f,i/'~/W) - {/■ I-a //,) 

But. tfi~ ^ ^ lioMi cipiafioii (h)ot ltii‘ List ailn Ic 

Henro bin ~ u + I ] ' 

Substituting lheM‘ \iilucs in i'(|uation (Iti, Article fl7 it ic(Iiici\q t^i 

a I A ^ ail" 

♦ i‘-* / cos r cos(p-- sin 9 


<•/(» i- 1; 

— 1 ondl, - -• CiKs0 + suiA]. (1). 


1 n 
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lli'iH’o ui the fuiin | 


m 


j .1 < o> — 7) Mil 0, 




(h 4 IW• — »i/^ 
cUi' 4 1 ) 


Mil <^> p.Msf. ( 2 ), 


[f{» 4 I 4 


Cos (fj + sill (/i"] — /j sill yjf . .. 


..Oh. 


p 1)0111!^' tlu‘ J.cliiis :iri<l i// llii' an^'nl.ii aihaiic .• i.t l)i< • ul occciltiic 

S4) tlliit 

/I ' \ I f />' 

.iiel the niiiic II' .il \.i|ii< of (,iM is l.iiimi (loin 

H 


tan ij^ 


.! 


Example. In 

iliil I 10, 


LoiiituM .nicl Voiili Wistciij i»t.ii. Kjo*! IOK 


/ is'. 


^slOS sn tlllf — (H{1 s|||0 —OO'jj 'P||,* VllIlH* 

)( // li.is h( li I (|i III i'< 'I in Ai 11 ' !'• 1 n_’ 1< ii i Ins i n^inc, and is (K" 14. 

As nun I ml; " “ U iih Ik ' c\|)h ss|.,ns i a > and alto\« j. liijco tn 


so that 


n --- 1 12, 

y ~ 1 20 < os — 1 42 sill 


for thi** paiM' iilai \.diK' ot " 

Tin ladiiis <il I lie I' jui\ il'iil .lit ik' is 

p = s I .V»-a 1 12'-- 1 'h 

and tin- nmiKTical \alui.* of tan \Jf is 

142 


I 2t) 


1 120 


The corresponding an^lc I’s 4X 24 the \alin* of ^ is therefore 
IftO -48" 24 = 181' :r/ 

(‘orros|Mjndinj( calewlations mnst lie nwido for each m |>arato value* 
of a. The e«jui\aloijt ^•^■r^“lllrlc in.ty however U- hiimd a geouieliical 
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I 

prm-Ki iijicn thfi fact that the locus of the end of th 

uquiviilcnt eccentric niilii is a parabola, which (or all practical purpose 
may be replied by an arc of a circle [lassing through the three point 
fixed by 


• 


P 

It 

s 

It 


Whc'ii u • 

= 0, 

• 




,d„ = r^coH4>-'siii(^j ... , . 

.(4), 





Wlicn u “ 

■ i 





1 

T 

11 




"'=±'’(r(,Mi)''"^'^+''"“^) . 

.(5). 

Let Oil,, 1 

Pig 115, 

n‘|)ii'M‘nt th<‘ of A.,. Ai, tlir v.iliu- /i 

1„ aj\ the 


positive value ol fi, and ii,hj the iiegatnc value ot /(, 
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The problem is now to find the radius, R, of o circle pas^ng through 
the points ^o,^. 

The rt'Iiition 2/2 x (i^d, =((1,6,)* 


may be used for this pur|K>s(*. 

= i1o“ d 




r 'sin <i> + If/ <s»s<j 
fj •'in (f> 


m 


whi re w ^ , , 

iOt-t I)’ 

^"/(n + h 

To draw th»‘ loons lln-iofoic find the ]>onit Ity o.di’Mlotin^ the vulnn 
of Att. Then {•aleiil.iie llu‘ \;diie of H tioni (<l) und diaw the arc 
thnmgh the jinjnt n., The lines of //, set oui. .il>o\o utid Mow 
the centre lin<' will then fix the extreme points on the locus 6,6,. 
Then for any i^iion positmn *>f P in the link the end of the e<jniva!ent 
eecentne ji. dnides tlie aie h,hi in tlie lianii piopoition that P clividofl 
the link. 


Example. T.ikin>( the data of tin* pi* vious Kxatnple, 
in (111. 

y = on:i 

From ffi) ^ = 24H inehes 

From (5) /^, = *2 52 inches 

From (-t) = —1 2)1 iiK lies 

The arc ooi responding? t-o thctw tjuaiUities is shown in Fig. 115 
by 6,ao6,. 

The equivalent eccentric op ih drawn fi>r the value tta= + *tj" Tho 
point p is taken so that iir,p n'jiretk'nts 4J" on the same Hcale that a«6| 
rcpri^uU fJ", From ^his by iiicaHurenieiil 

p = 1 0 inches, 

^ = l.‘ll j degrees. 
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These jiiliies arc jiract.ically the same as those found for the 
equivalent ecccnttic in the pivvious cxariiiile. 

The di8]ilaocnicut rune ccirrca|ioni,hiiK to these values is chain 
dnttcrl in 11(1, licni aliiiii the dlttcicliee hctwecii tlic actual Cline 
and the curve ohiaiiied hj nieain of tin’ a|i|iroxiiiiate tlieoiy ean he .seen 


106 The design of the Allan gear*. This is ciiiied out in 

much the ... aa_\ .is |er the Sliqilieiis.in link iomIidii, (he steiis heillg 

as follows — 


(1) Make a |)iiiiioiuarv diawiiie of (he ^ear fiviiii; therehv 
the le(i;,'(li ol (he link 2c, the leiij;lli of the eeienlne lods I, the 
leiiglli ol (ho \alve loll o. and (he iiia\iiiiuio v.iliie ot a. 

(2) (aleiil.ile the ia(io Inlweeu (he hiieihs of the arms ol 
(he weieh(-h,ii shall, iiisl coiiqiiiliiio « tiom is|iia(lon (.'ll ot 
\il|i le 102 and then iisiii,a u m ei|Ua(ioii (.'i) i.| tlie same Aitiele. 

(d) Xij^h'l (he I til 1 1 of the ohlii|iiil\ ol the coiniecluiq rod 
and assiiiMiiij; siiii,ilih‘ v.ihns foi the nit o(f, lead, mil iiia\imuni 
o|ieiime (rii hleaio. Ill lull oeai, liiid (he i i|0n,ileul einiiuicp, 
•Hid (he steam lap sal h\ the l!i|e|,iiii dia;ti uii 

(I) Finm \ilii le lilt, ec|ii.ilioos (2) and (d), 

p(Sis,|, s ,1 I ^ -in<i)| tl). 

psmf s. /( |^CoS,^ + S|||(|)|- . (2), 

A ol snnnilam ous loii-^ m i liic ... ol (,1 k‘ .u-tu.il 

ofi'fiiiin s, .mil (j) ill! II i<“sjM 1 Uist' .uii;nl,ii .uK.iiii.u'j 




( 1 / -f I )t - nu¬ 
ll {n i I ) 


\-[) 


in, 


u 

c 


Dunk- (I) by (2) uml '■oIm* iho r ■siiltmg i'i|iiiitio!i Im iilil.iiiniig 


cot <fi *5 


I }) + ccot I 
jl -me cot yjr\ 


lioin \v|iicb if> can !h' «‘alculil<'il 
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When this is known i- can be ealenlatoil from eithei (l) or ( 2 ). 

If the actiiat recentrica are made with the pceentneit^ r and st'l 
with rt'B|)Petne anf;idar advani'i'B + <f> and — <t> the jjiar will jfive 
ajiproximateh the ih'-inhiilion sjieeilied in full ijear. W h.il the lu-tual 
(iistiibution \m 1I !»• f'*i full llun Ik* tound 1»\ iltawiii^ tlio 

actuiii (Implit (‘iitcut '> 

If the 1 ni> of Mhtko I't jIu' I'l^lttn i*- iiu'Inml (•» ilio liii<‘ of siroko 
of (Ih- an a ni\..is I-u ni^lahM in lOH. the un^li'.M at 

which tho ofu'iitncj^ art* to In* h t on tlu* <iank will In* 

I MliM’ ■'In a\i (toiw iitl) t/> — a. 

Ni ;^MliVf (M It ntn* sli- i\tMhai k\\aid) 4 -a 

If tin* lin** t)f ntioko i.f (ho pislmi i-H al»ov lln lino "I ^tlok(‘ of tho 
\al\c the ■'loiia h* toj. ci iiuhI !*.• i lian^o'd 


106 The Velocity of the valve of a link motion. The 

\olo('it\ nt the \al\i- ' .i!i ho l>>uii<} loi a \ < It M .iiik .Hi);|o aii<i Mil no nl u 
tioin till' io< nil III tiino lo lli< o,.o|iii{ti< il im i ln>ii Aili('|c4lh 
Foi aii\ jnailifal jmij'"-i iiuwi \oi tlio \il<*oit\ '‘an (oini<} with 
sntfioii ni ax'iMM lioiii tlx (lis|il «I III'lit iijiiaiion in (■iin's o( the 

|■l|Ul\all‘ll1 " '' ii'i II 

Till <ii'*)il.i"‘nii ni -■! ilio x.iK* in .ill iln i:o.ii>. . huskI. |. d ran bo 

'<1 .i|ijii"Mni i! I K li\ t ho i »jii it lull 

. -p.e-id 4 V-), 

wlino p and yjt an* losp, i li\< l> llio i (i. nt i x ily mid .m^oiktr advance 
fif tlx i«[niv,iltnt . < M nrno, ill* "o <jii inf itx's lioiiio o.ilcul.'tid Jioin the 
ilinx n'‘iun^ ul tlx o,. ,i, aii<l ,i pari x itl u s.ihx uf a. 

'fhon the luc il\ u| ihf \al\o c 

.1, . , .W 


... 

and when tho Uionlai Xtlunlx i-, 

n H tho inuiihor ot ii-'.olniion'^ of 
a given bptied 


ooMvI.int it !•' 
tlx* (lank |)i I 


I 'jiial |o 2r» where 

siiiiix! IJcTua^ for 


ii = — p Hii ((* + 27r/i. 

Ik* careful to p in feet, in ordi-i to g.-t. th' n-ult in foe%t 

pel Hecond 
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Valret and Valve Gear Mechanimvt [cii. 

In the wie of a loeomotive running at a given speed this expression 
for the volocit)' gives the speed of the valve relatively to the valve fiice. 

107 ControIUog mechSDiimi for rererstng gears. Some 
of these have already been iiientioneil incidentally. It is projHMcd 
to eoncriiile tins cliapter with a lew artieh's hpecially devoted to this 
subject. . 



A controlling tneohanism should fulfil tw.e ronilitiona First, it 
should be able to hold the weigh-liar shaft securely lucked in any 
one position. Secondly, it should allow the shaft to be moved quickly 
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frnin ono pf^itinn to aiioiluT sit tli.il tho oii^iik* tnnv 
without (lolay. 

'I'ho (‘julu'st form of i.ti this jtiupoM- with link 

motions IS shown m Tio ll»} A ]'\ii A haMHi; u fiilcrmu jiin 

at Ft is fifhiii'OtMl witli iho roM-jvin^r roil U Tin- \> ItK-kisI ni 

any ono of tin- ]Kt’'iiioiis is tu'sjioialm:^ fo llio iiotihts «*kMun on ilio 
fiveil ijuuili.mt l».ir (J hv moans of ,\ N lU ^i.i'-|)iiio' tho 

firnall han<lli* A ami tli>‘li.ui'llo ol A lo;», ilua th*’ ial«hA’ m \sitluli.nvn 
from tho llolch ami hfltli-hal ol lli. (jiiailiaiil allowmi^'tli< lo\t‘j to 1 m‘ 

turmsl (|ui<’kh into anotlioi position ..... asino tin* ip of tin* 

hamllo, the (af<li m ton'xl into tin noi.h lj\ a sjtnni; Tin !'<‘ntr.il 
iipnolit position ot the lo\. ? (•..nospoM'l' to the r. nil il po>ition ot tlm 
l>l(K'k in tlm link Tli* i\ti«-im‘ noi<}i<s <on.-pon<l l‘> mil lotwaxi 
ami lull h.ii'kwaxl i(imi i'•'p)‘rli\( l\ In ]<Hoiiioji\is tin o* ai is so 
aii-aiioMl that tin- horn A is jkiiiiiimo o\ri m llic diiMiniii in which 
the on 1(1 Mo is 1 iinnino K n h of i h' Umi. he s shown on i In ipiaihant Q 
in Fi^ I ill <li u innm s .i ili hnil* position ot tli.- mot ion IT*, k in tin* 
link ahovo ol In low ilii’ cnii.il |iosition ilnf m lo s.ix o.u h nolili 
• •oix spoinls to a po^iiivo ol in jatno vain. I'f // I'ln ohaiu;o iioin 

oin* iioti’h to llio m \l I o||,-jioinls to ... tahh cImiiljo in the 

lioisi- pow< I .'I ih< < ii^im -iH a Milo In ohhi to oht nn a lim-i 
gimlu.Uion ot ]»owoi iinl at lh> snin linn to lotain siihstanilallv 
‘orniml iiotilns two spnno ^ll^tl-•^ mi\ 1" pioM»l.(l, hoth !n'inj( 
i'onnc<;tM| to tin- io<{ <oniioi!i<j h^ ilio ■>miiII liaiidh A. hut aitan^o-ii 
on oppo-'i:< sidos ol f|io l>\ii A Tin I Wo hai-s, u hn h holt mI to^ri | her 
lotni tin ipiadianl heti V h* <woi-ii wInch tin 1 'mm A luovos, mav then 
have tin- noii In-s mm so that thoso m iho om hai .in displaocd 
tol.ilixoK to tlii'M 111 llio otho] hai thlou^di a dislani*o «<|imI (o half 
tho piloh of tin* iioii in " Tlioii Olio ol ot In I ot | In • .it* In s w ill .liways 
he III, whilst tlio i»tln I will ho out ot t(.ai In iliis w.u ih* nniiihor4)f 
jK)''''dilc p<>sitions in wlindi the hxii nn) h« lo< kod is doiihlnl tor a 
gi\en ]>itoh of iho m*fi In s 

As the ic\) miiig h i A, is liroiiglil touaids ih<‘ nMitio fiom iMthor 
of th*' cxtionn' positions, the cut otV is mlmod. and tin* link molioii 
IS s,iid to ho •‘jiotclnd 11]),” a Umiii onginating with (his coiilMvanco, 
hut which hus hisMi o\lcml*)l to d<Mn>t«* a lodiiclion in tho cut *'rt‘ with 
almost any kiml of controlling g'-ar. 

Tin* scii'w conitolling g- ar slmwn in Fig 117 is more powi-rful than, 
but cannot Lk* so 4]iM^ly haiidhd ai., the «piadrant goar There are 
two typical foiins of this g<Mr. In tin* one, th*- boss if the ('anting 
earning the screw is luoxnled with a circular plate, tin* (’ircumfeunco 
D X It 
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of fthu’h w (iividrtl into notches, and a Bpring mtch on tho IuumIK' or 
wheel by ineana (»f whit'h the is tumod lo<*kH the gear In jMjrtitum. 
In the other tyjK?, the one shown in the figurt‘, a long nut and screw 
are used and a social lucking di-MCO is dis|K‘ns<.‘d with It will 1 h‘ 
seen from Fig. 1J7 that the mit is a long shrM', turned on tin* outHido 
to tit the mam e.tsting, and held fnun mid motion by the hn'k nuts 
Wat the one einl ami the shoylder It at tin* other end The n‘vei>ing 
wheel is ke>ejl to the shs've The inside of tin* sKs'Ve is screwed the 
whole way along to take the screw .S’, which is jointed to the n sensing 
rod at J. The scresv is 2 inches di.iineitT, and is left hand, tn*hlo 
thread, and 1 inch jnt<'li The jun J is ( \tMided into the slot of the 
bir li, which is ImiUisI (o the snlo of tin* nuiii c.isting The slot 
therefore scist-s two jmrposes It linnls the extent to which the 
screw can tr.iscl »mt of the nut and it holds the wiew fnun turiimg. 
A small index /. cnirnsl the flat )kii A, liasels o\»t a gnuluated 
scale r»f "cut o|T" us the sciess is ino\»d in a nut. The cut otf can 
bo \ers hnels gia(liut>tl bs this gi-ar. 

Powei contiojling geai's aie tilted |<i all large marine cngim'S, and 
from time to tiiiu* posser resuming geai’s h.ise mmle llnur a|i|K*arance 
on loconiotises. but h.isi' neser Iks'II gimerally adf»pted. the wTew or the 
lever and ipiadiant being almost uniser-'allv uwsl Tw'o of the nnwt 
ix-ceiit of power resersing goal's for loeoniotive wt*rk are described 
in the following artich-s, together with tw«) well-known manm’ tyjx*H. 

108 Power reverting mechaniim. Oreat WeitMH Rail¬ 
way. A power reversing incchamMii, nsisl on some of the cnginceof 
the (Jreat Western liailway and which was designed by Mr Doan, is 
shown in Fig IIH. Two c)lindeiN, S au<l 0, are boltod to the iiwide of 
the engine tmim*, and the pisionH corn*s[s>nding l-o them are fixwl to a 
common pisWn nxl, /i, cf)iinecU*d by a link. to an arm, A, t'lrged with 
the weigh-bar shaft whose axis IS IF The cvlindei, .S’, im a 8t<‘am cylinder, 
the entry and exit <)f steam to and from it being controlled by the plug 
valve V. 

The second cylinder, 0, contains oil, and it is fitted with a by-pass 
plug valve, H, which oHt.abliahcs or cuts off communication between the 
two compartnionte into wliich the piston divides the cylinder! When 
the valve H is open, the piston is free to move, the oil dij»placf*d 
from one eom^iartmcnt passing through the {>amgc in the valve to 
the other compartment.# When H is closed, this jioKvige of oil cannot 
take place, and the piston is therefore locked in p<.)Siiion. 

The valves II and V are coupled together by a rod lemling to 

U-2 
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a contn>l]iii;^ luvor L fixed in the cnh. A nni P, jointed^to tho arm 
A, mov«j« an ind(‘\ I, l>y nh*uns n| \\w Ix-I! o.uik l.'\cr !i The hcule l{, 
over vvhi<’h the ni<h \ i«^ li\eil tn the lioiler fr«*ni and it 

j;r.iduati<i I’ei ■ e\it efi ” Wien tlie indc‘\ w at tlie mnidle «'| the eealo 
th«‘ at tlie iniddl* tin* link 

'Die j^i-ai dnev tt Hi I In i<'n w heie <1* a in i*' ai 1 ini' (»v |ii]fth tho 
[Mst<<n S tioin Hs ■•ntitl iHivniMn e-au-pianlinir tn mnl ;(i‘ar, so that 
the wiiifh'li.i! •'ll.lit !•' I" in;; itmi*'! in tin linMiioii i.t (orwiiid 
Sli.ini Is ilne'iLjh the vain I’ to llie in^hl-liand side ol the 

[Hsten, the It M fi.Ul'l sj(|e luaii:,' ej'Ml I" tin t \ll,ll|s| The \\i\\ 1h 
also hie till tin el) (o pass li.nn (he htl-liind etaiijiuInn Mi of the 
evhinh I f>, Ih (In n^ht, lliriini;li (In valve // W ii.n tin ni<le\ / sh'iWN 
lli.it the (I has tin |il<>|ki I mnliL^iiMtiun }•>! iln cut nj} ciesiied bv iho 
(iiivei till I Miitieliin^' h indie L is bllill^dl( ’•> tli. i < ntii- nt tln> (jit.idratit, 
wheie It IS In Id l.is| li\ t In-spi || This iimvi nn nt Aiuthi' 

ceiitie, s. ts th< valvis V and // in tin \\.i\ sinavn in the m |i.iiaf<; 

ili.iwini' "I (Inin ab.*vi tin iii.uii di.iuiii:;, wlnn tin* sti.nn v.dve, K, 
IS ehnt, and ilie liv-pass \ dve // ]s ilnx.d finis l.H'kini^^ (he ]i|s(nn 
(I, ainl tin n h'li tin wei^li b.u shall This l•l'ntla! p-'sition «•} the lever 
/., and tin cnji. sp.,inlirn^ )»•snnl^|s ni (In valvt s, js (in- nuinial Turihni|( 
(•untiLjnr il leii ..} the .it Te ndin> tin- ml nlV in Imvv.inl gear 

tfieleVil L |s ]ni!|. d b.n k f<» tin tl'.^h( <i| I he ulltfe llnteliV bunging 

the [ilsit.n el N l.aek teu.uds Ms i« nli d Jiesiiiuli If will iw iindejMtiKxl 
that the ]ev< 1 h del s Tint i'e||. spulld With .1 I* Vi |s|ng le\et <d tin* tlSIlIll 
tv pe It iin i< Iv ep. ial< s a sti .itn v.dv< .ind h.is l|ii> e pesit nnis. naiin ly, 
the innl ei innntn:^ [lesMniii and (In e\trenn* pesjin.ns jn tlie ijnadrant 
Cnllespundiiig to tin .nil v live In mg npi n tn ein- «>( ntln i end of the 
cvhnder .S' This g. ai works \« i\ w* II sa long aa the oil and the Mteiim 
valve ale k' pi Jielfeitlv light A !< ikv oil v.llve tdloWH (he pjs(.on 

to gr.idnalh eu eji .iwa\ tioiii a set position the tn ep being acci-lejutcd 
d the st< am v.dve h .dxs .iNo. 

109 Holden’s combined band and power reveriing 
mechaniim. Tn tins g-ar the wlie<*l and .screw for hand rcvetHing 
13 reUmied, and I'vlia gear is <*onibiiied with it lot ntjlihing (Kivver 
derived from tin* eompi‘ss<*d air lined tor opn.iling the We,Hting- 
house brake Kilher tin hand or (he pivver method can lie uned at 
will and the ait ot using oin autoinalically cuts the other out A gowl 
idea of the .ipjviratus will Im* formed from a coiisuh lation ot the gi-neml 
arr.xngcint nt shown in*Fig 119. 'J’hc hand geac consists oj the wheel 
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connt'cUHl to the screw J, whicli by meuim of the nut J. inoM's the 
I'eversing roj D, uiid thriuigli il thi* >M*]gh-Kir sliaft W Th^ jn»\vi*r pfonr 
consist of a r))iti<ler K n|M iatt‘(t by (vuupn sMsl air fnmi tin* mservtur 
P, which ih k(*[>t char;»Ml b\ tin* <iir-juunj» U'-mI hi <*ouii'*c(iun with tin* 
Westin^houhr luiikc Ti» h-M isc b\ p<»wri tin hainllf li i> um'< 1, and 
tin* turning o| it nnilmis (Im* iuti.in'** ainl <'m! oi aji to ainl fnun 
the e^Iihcbr A', thion^h tin-/ Tin-< onm ciion o 1 tin- ImhiI and 
power ^ear with one anotln-r l^ iii.nlo )»\ nn aii-^ n| a < am d/ ioi innl with 
the bainlh* Ji Imnn-diatoK tin- harnlh- Ji In ioovi •), tin -1 am M litt-n tin* 
nut, or halt nut mlln-i, ^inci- tin* lo^a halt is .iiliirly cut nwiiy, 
clear awa\ tioin (In- scu-w i, and tln-n mo\ts tin- \iil\«- X, thereby 
distributing air to the cyliinh-r J\. so (hat tin- woi^di h.u shall is tunied 
in a <liit-etion di-teimiin-d b\ tin- diiMlioii m whn-h tin* hiudie }{ wnn 
originally mo\(<l Wln-n tin- dosind |ni-»ition tit the shaft is oblallied 
the Iniinih liroMoht ha>-k to its <-ontial positnui, then-liy ^r.-um;(the 
half nut with the nrn w a^Miii Win n iniuiiM;( with H in its ei-ntral 
position both (-nds ol tin* (-vhndei K an in i-oinmuineation with the air 
re*MT\oir P. thionj^h tin- \al\i Z Tin- |iiston io<l F ih doMoiied so that 
the difl'i K-in-i- of an‘as betw<-iii tin- two fainof tin- piston multiplied 
by the air pressure tmnislns a ton. alon^^ the piston iml sntljfi<*iit to 
bdance the wi ij^dU of tin- motion haii^nm; lioiii tin* siHp«-iis|oii link Q. 
The half nut is pn \i'nt< d from jiimpiii^' out duiing lunning hy iin*uns 
of the lati het j and pawl r. 

110 The ''all round** iteam reversing apparatus. The 

principle of this appaiatns is illustrated in F 14 120 . whnh shows 
the genomi arTan^^•menl in suftiemiit detail tor the pnr|>)Hi‘ ot explain¬ 
ing the re\ei-Miig im-chanbin fitted to tin engim-s of .syme twin 
Ben‘w tor]M-do Isiats Imiii by Messrs Variow and ('o for tin* Ifritish 
(jo\erniiH-nt h^ich of the two ingiin's ha.s f'.iir cvlind'rs and four 
coiTcs|*oiiding link motions The liainlleH, uM-rsing wheel, etc, are 
arranged so that the link motions cun be contiollid hy the engineer 
sUmbtig at one end of the engine. 

Referring to Fig 120 , and coiisideiing <iiie eiigim-, flm weigh-bnr 
shaft W runs the whole h-ngth of tin* irigifn*, and i-ach of tin* four 
link motiims is connectod to it by a drag link, coupling tin* centre 
of the link C Ut the end »S* of a corresponding arm, keyisl to tin* weigh- 
bar shaft. One drag link d and the oorn*s|fon<ling arm M'N, on the 
weigh-bar shaft is sl^wn in th<' figure. 

The weigh-bar sl^ft has an ann WQ, keyiKl to it at alMuit thd^ 
middle of its length. (The anus YFtV and If'Q are in different planes 
though they app(*ar continuous in the figure.) Ploccsl opposito to this 
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iwl (4I* A shaft KK placed acioss tlu- and siijijvn'tod in l»*ai-- 

iiigs attached luthe fi.nne, a uorin. ^^<'fning uith tl!e whrd l\ 

a crank (not wi-n in (lie lij;uie; .i( th»- loll i.iul, \\lu«'h nia\ ho tinind 
hy a ninall vleain i-ngino. ot ^\hIcll ih* Iwiek covoi^ )' i-nlv aie M‘en , and 
a bevel \she*'i H A l"n^nniiiin.d sh.ift ./, shi^diih hmIiiim] m tlie 
[llano, (MHios at otio oud .1 ln\ol \\ho. I Il^ ^^auiio uilli (lie 

whool Ji, and .it the oth. f . n<| a win oi A, \\ln< li is In aw otn»tii;h to u<‘t 

.IS a fhuin ol to (ho eii^ino 1 , and slnip-d vi ih.it it jiiaj liLMiMdiusa 
h.md win ol alM> 

A liaiidlo. JI, ojior.il's tlio \al\o of {In «ii^ino V lliion^di rods 
.ind lovors /A, A.-, ‘ te . at 1 ho s uno 1 imo in.a In* iinh s A" h\ moans 
ol the Hid / Thus lli. w. i^di-li 11 shaft tiiii In 1 111 in d < il In 1 li\ (tiininj' 
till' h.ind wlioi I A or h\ admitting si. .-uii lo tin- . \|iinl< 1 the wheel 
A in the lal ti-i < asc simjii; in:,'' as a iK w In • I 11 .si. am is ailmitted 

to y eoiiliimoiHlv, (he . in,;nn dm. > 1 li« uoim w h.. I T i oiii inin‘n‘'l\ in 

one din-i’Hoii, uliil>l tin < mi ol l le* .0 in h - ije... lies t.* ami Ijo, the 

h !iL,dli ol the H ■at loll h( ino s.. ,11 laie^.'d that tin links aio moiisl 
haekwaids ami I'MWaid- hetwnii lln ivii.ui, [misKioms ol lull ^n-ar 
ahead ami lull eoai astein 

It Is not ahs.iluttlv mccsvits tlni'foio to j.io\i.l< (he ony-im‘ Y 
with ie\e|sin^ ni ar, 1 ml 11 is usii.illv mail.- n wino s,, jhal tin* linkH 
ma} lie mo\<d h.im a ^nwi [iosiii..ii to aii\ oih.i |i'.>ttion with the 
sinalkst possihlo .itiL^iilai nn>(nm >>l the w<>iin wh<il 

ReVeis.il ol 1 ’ Is . II. I t-d h\ Ininilietle "t. a In v ai \,dioiif i|„s Val Ve 
s[nnd!o h\ Ih.* haiidlo II Tin- \.dio is ivhmlii'al in lonii, and is 
jiloMiieil with |i"ils so Ihaf, 111 oin anjiilai jMisi(t..n oil the sjiindle 
it woiks as .'til I'ldinaiN slide \al\i aiiIj oiit-ni' sHam adiiilssiuii and 
inside e\h,uist lull win Ii tniin d into a s,. ,i,(| j,os|f lou ilxml the \ulve 
spimlle It woiks with insnle s|..\in adini"'n>n .iml oiit>*nh « \haiist In 
this wu) H \ersal is ea-'lK * (holed 

The mothod nf Haers-il ]>\ ih-' ii)tenhan’(i or sf.am ami (‘xhaust 
passa^p's IS more hjll\ diseiiss.d m Aitnii TIO m M.niiMtion with the 
steam .sti'eiino engine Win 11 tin links lia\<‘ Ih*- n hi niolil into any 
desired position, the wmLdi-l>ar shift is h« kod h\ elanijiing the worm 
wheel U a^MiMst (»ne (T iho \( itieal stand uds «.( (In onyiiio by moans nf 
aT-headod holt winch p.Lssos ifiton^di tin standard, tin* T head l)in[^ 
in a HUitahlv formed ^nwive inside the rim of tin- worm wlnol. The 
clumping IS done hy tuininj,,^ ihe handi<- It, whieli. hy means of a' 
longitiKlin.il comucting sh.ill, tnniH tin- wheel q, which is 111 gear 
with the spur wheePp The boss «»f p IS sohwmI to f<*rm the nut 
of the T-head»d heilt The wln-el p and tin wmin wheel U are of 
course on opjM>sit<‘ sides ol the c«»liimii st i-n m the lignre lo the left. 
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A model of the “all rouod apparatus” can bo si^en at the South 
Kensix)gtoj\ Museum fitted to the model of the eiigino^ of the 8.S. 
Ftamboro. In this case the enpnes an* worked from the Ih^it az*d 
the design of the g^ ar is miHlifit-d aceonlingly 

111 Brown’s power veTertiDgmechaDiim^Kig 121 The piston 
rod 6', ot a C)lirKler, eDtitiinied tluoiigh a snmll hvdMulie chinnier K, 
18 coupled directly to tlu* aim of the >seigh-lMr shaU at F. The joint 
must theu'foie iiio\e in a circular aiv, and tin* neci-ssary angular 
freedom is obtained by connecting tiu- iiiiim e.isimg of the mechanism 
to the frame of the main engnu's h> a Miigle pm joint A. When 
steam lb adniitUnJ into the cvlmdi'i the pisiou rod piibhes or juills 
the weigh-bar shaft int(» a new angular jM»sition, the sjieed bi*mg 
liiinU'd by means oi the Indiaiihc cjlin<h‘i E A Khn'k pmUiu D 
IS cottered to the piston rod hikI a simd) iiole is dnllod thnaigh it^ 
and. the cylmdcT being filled with watei, e\eiy movement of the justuD 
rod IS aceom|>aruod by a tiansfeieiiee of water liom om* side to the 
other of the piston iJ througli the Miiall hoh-, the hvdnml)'- lesistance 
to thifl transfenmee acting ns a biake The cjlinder is kepi filled with 
water in an ingeimms way The water which cojlt'cis in the b<)tt«»m of 
the valve chest is forced In the steam jnessure in the chest through 
the non-return \aUc R, and into the hvdraulic evlmder which jh 
connecUsl to R bj a small e(‘p}k'i jujk', vvliuh can 1 m ts’cn m thu 
figure 

The inU*rostmg featiin' of the gear. how<'V4*r. i^ the way tlw position 
of the piston in the ejlinder, and theiefore lln* angular jK>.si(ion of tho 
weigh-bar shaft, ih contiolhsl by the m vei-sing levt-r, the piston .starting 
to move when the lever is moved m the <|uiMinint, and continuing U) 
move until it sttips in a |M>silion which placi'S thi’ w«'igh biir in the 
definite angular (Mjsition ciun‘8jK»inliiig with the notch in the ijua<lraat 
to which tho reversing lever is moved. 

Tho mechanism for doing this ia siiufile. An arm -Y ifl bolksi 
rigidly to the piston rod. The end of this aim is gn-ived U> the* curve 
of tho bar IT, which can move eiusiK up or <Iovmi through the gnsne. 
The curwd bar carries a •^hauk TV, so lh.it L-T- U is om- piec**. Ihe 
valve rod i8 jointed with this pn-ce at V, and the bell mink end of tho 
reveraing lever is cminected to it at T. (’oimidei the motion of the 
piece U-T-W relatively to tho arm A'. When it is puslu d up or <iown, 
tho curved part IK il compelled to fllide in the slot, and the motion 
of the jK)int8 Tand li is the same as though they re jxiiuts on a bar* 
centred at the centre of curvature Z of the pns't> as indicated 
in Fig. 121 and above in Fig 122. S<» tliat in considering the motion 
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of' (ln‘ pi<‘(v V'T’W, ^ fnr as fhi* nmtuin of the points T ami U are 
conrenji’d, tlic aclual nieohanisin may 1 m‘ H'jilaoi'd hy a J>ir, catiiod 
on a contn* Z toitio’d in tlio arm tlio aim nt <'onrso hring supjUfKod 
exteiuli'd to the l•‘(t lor tllH [Mllposo Tlio M\\\r is Set so that when 
Zj-T-U 1 '' lioti/onlal the piMoii is at the centn* ol it^ stioko and thovaUo 
IS ill ils eciilnd posit lull, sn that no sti-am c-tii got mtn tin* ovlmdor 
Siij)|)oso now that tin* noitsing 1 i‘\<t is [mlli<l into the aslem 
position Tlio point T is inoNod upwaid to T^^ as indiratiMl in the 
c(‘iilre lino di.iwing of tlio h.ii, Kig 12’2, the har turning about the 
w'lilM and hoiiio the puint V is nio\od upw.uds to oaiising tin* 

vaho to 4>pi II ill'- lowor poit of tlio ovlindii Strain is .idmitlotl 

and tho pi'lon at ono<‘ liogiiis |o iiiovo up, Iml in doing s.. it oaiiios the 
p<mit Z iipwanl als.., tlio liai now tuniiiio aln-ul 7', as a (im iI point.and 
wfion / aiiuoM at tlio jioiiit \ | lias iiio\rd downuaids to its oi iginal 
posituai, thus liiingiiig tho \.il\r b.n k to tlir (vaitial posiin.ii and 
HhuUiiig off llir strain ^llii (lislaiH'i iiio\i(| lliiuiigli b\ (Ik' piston 
dopi'iids upon tlio aiinanit ot tho \rtli<'al ino\riiirnL oi igm.ilK MUrii to 
jf’, and this ilrpriids upon thr .mglr iluougli winch the moi ising |r\rr 
is tutind Ilriior if Itir <|ii.idi.uit is (Inidrd up into n<it' lies, (he iin»w.. 
luriit ot tin* ie\r|smg I, \ci tn)in oiir !in|i h lo aiiothri ruii('sp<inds lo a 
deliiiito \ritioal iiio\t mriii of ihr p'sluii, and to a d< liniir .uerulai 
position of Ihr w.igh-liai shalt II wil! hi s.. n hciii (hr diawmg that 
the riid ot (hr W( igh'bai sli.itl t ,iiin-s a lark / graiingwilli a piiiKui 
the shall ot will'll (‘aitl's ,1 woi’to wllrrl A, oprl.ittd b\ a Wollll A, 
winch is k''\'d toa >!iatl <ni wlm h tlo' haml win -1.1/ is la'«(rii. d Whoii 
8t(‘am (‘oiitiol Is us'-i| tlir Wollll Is tlii'ovii out ot m-ai with tin* wlirrl 
by means of a rani lU thiowiii'^ tins (,uii in, tin* «nginr lan be 
re\oi‘Srd b\ hand. A loi king .ni.ini^nm nl is pn.vid'd so that tin* 
mam engines can be link'd np In, and loikd in, an\ po>itinn in 
th(‘ ahe.nl goal A pawl l\ wrighlod to disrngagr .intnnialioally bv 
the woight (<>. may bo tliiown into g'-.u with Iho lack whno it is held 
in goal l>v tho downwaul pull ot (In- pi-'ton, a puli which is always 
niamtaiin'd ii\ srKmg lin- slnh' \aKrsnihatil "lainls .slightly open in 
ahead g* ar 
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112 Resolution of the valve displacement curve Into two 
components. Tlx xlu.il moti<<n uiix h ilio ''lxl< \ il\< n o* jumi 

tli(* occontnr ot' .1 viiiij,!,* l;',11 u\\\ In* iisohiil into (un 

(‘oiii]>oni 111 nioiio||s uiiiili MX'iion^ iii.t\ !><■ <on^xl'i<'I <l< mod tiom 

ncn iitin- < nnl.s wlixli .m; 1 lxlll•^^ht^ l•olllj»nIl. iit^. o| llx' MMiilnr 

W 111' h Jilodllr os th' ,X til i| III..I I..M. 

'I'ho (.iMi ol most I'l.u I X ,d mil 1 ' 't is t'lil w ]|. lo i lx-o'-o. nl i x oiiink 
isiiso!\t‘d info two I'oiiijioni lit'. ii s[„ I'ljM |\ .It iiolil oiiol. sto .11x1 Ilf 
lSI)doi(io(s wiili, tlx m.im oi.mk. It 1" im: nud'isi.i.id that it lln'lnx- 
of 'slioko of t ho \al\' Is llx lux d 1 o I hi hix' o| si loko of t In- |'1stmi t lx- 
Iwo aio hioiiohl III I I .>iii< id< IX I hotmt i" L^iiiiinm llx i<s.i|i|ixin 

In Kio^ IJ t, <hl Is tlx- Iso d'ohr » miijioix 111 mxl ff/i is llio !Mt 
dooi'o oompoiii lit oj tfio O'(. Ill 1 x' f Tlx ' oil'sjjutidino ' oiii|Miiicnl 
displaf'iiii III. I Ml\'s iio‘'ho\\ii III Ki_' IJl- ti-.tlx'i uiili tlio lostdlanf 

displa" MX til (iM\> dll'- to (I.. ft'i i'oinis ,.n ilio om\'s :itr 

ol'l.iitx'l l'\ |'io|. . 111)0 [1,,. si|,..ssi\.' |i..siti..iis ox. upx'i h\ llx-pomU 
h, (1 .ili'l as iho rjaiik is pla'. d III 'litl> h ill |ios|ixpns 

In the diioluii. ,iii\ hoii/..ntal di-laix- m'-asiihd fo tho 

losiilt inr (Min.', is I'.jiial to llio al^^hiaxal ''iim of fix* compoiionts, 
oy, and n.;,, 

No^di'dimj tlx < IV" 1 duo to tlx' ohIi'piif\ of fix' ^(^'•tl^ll(• lods. (hx 
<lispl.-u‘i iiX'iit ciiivo < oil'spoixliiii; I" llx <omp'>ixnl '.-"onliic Od i*< 
it <''»sino oniM; uliosc maximum oidmih is 
= r t OH =■ , 

aii'l points on tlx* oiirvo ni.i\ l»o cxilonlattd fh-m 

J- = cos + ISO) — — Ct.s ^ 

Tho <lispl,ic omoiif (iirvi- con. spondin;,j to llx- 'ompoix nt ciaa-ntrix Oh 
15 u bine ciiivc \vlx^c•maximum ordinal* is 
Oh sa r bin <l> ~ U, 
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iind ptiiiitH on tho i-urvc nmy Im- wilciilated fiom 

It hIiohM ho raroftilly hi^tnc in mind that the quantity A is the 
diMpUcoiiU'iit of the val\(‘ from Uh (Tiitral \shen ^ = 0 degrees 

und IH thenfoie equal to the steam lap jiUs the lead: ami that B is 
the dispian-nw'iif el tlu’ vaKe when ^ = 1)0 degrees 

If the angid.ir adv'iinee is changed to an e(jual ni'gative value in 
onler to ohlain negative rotation of the crank, the 180 degree, or 
the A conipoijejit, as it may he called, lemanis unchanged, whilst the 
DO degre(‘, or ]t coinj)»)nent. changes its sign. This will be seen at 
once fiorn Fig 123 where Ob nqin-sents the eccentric when tf> is 
changed to a negative value, and Od and Oy arc the respective A and B 
components. The B component may now be conveniently described 
as the 270 degrees component, or —IK) degiees compenent. The sine 
curve coih'spniidmg to tlu* neg.ilive value <ii B i.s shown with fine dots 
and the resultant curve due to Oh, or what is the s;uijc thing, the 
combination of the A eomponeiil emve with the dotted cuive, is shown 
with thick dots. 

Thus the comhinalion rd the A eompoiient ciuve with a 00 degree 
component curve gives a resultant displacement curv(‘ coiresponding to 
positive lotatioii and the combination of ^1 with a 270 degree com¬ 
ponent will give a cuive coiiespoiiding to negative Mtatimi 

If A, still Constant in value;: lx* combined with either a 00 or 
270 degri'e component of smaller maxHiium value, the resulting dis¬ 
placement curve wall have a smallei uia\inuuii value ami the cut off 
will be eailier. 

Thero are two limiting cases, lirst when 7^ = 0, secondly when il =0. 
When B=»() the distribution is dom* b\ the A component eccentric 
alone and il will lio lecogmseil that Aiis (‘nrri'.s[Hui(is to a mid-gear 
distribution of the link motion, where the cut off’ ih so excessively 
early that the dislulmtion of steam cannot work the engine against a 
load. When ..I =*0, a steam distnbution is only possible if the valve 
has no steam lap and works without lead, the coiiespoiiding,indicator 
diagnvm being a rectangli\ 

With a'fixed value of A and a value of B varying between a positive 
timi a negative maximum, families of displacement curves are obtained 
which determine various cut offs. 

The family of curves, Fig. 86, illustrate thiS point. Each curve 
may be looked ujion as the combination of an approximately constant A 
curve, the dixplacoment curve at nmi-gear, with a B curve whoso 
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iiiaxiiijiinL raliii' is [riii|)iirUimiil lo llu: i(. when' of (xiiirse u 

rimj'i's l)chfis-n a jinsilnii ami ru'fjaliM' nia\iiiiiiiii \aliu'., 

11lls ]uiiii-i[)lc ot I imliiiiiiig h\o ilis])Ia(i‘iiu-nt Pun’i'S iiia) bi* 
o\l.cii(!i'il lo iiicliiilo till- (oiiiliiiialiou ui ain p.iir ni‘ poiioilii* ciiivos 
loiiglil^ lollouiiij^' llio shajio ol suit* ami cosim- ciiiios whoso values 
aie a iiiaMliiiiiii ami viso lesjiectnelj Ujth wlieii llie eniiik angle 
IS 0 ami when ll is I.SII lleglees 

Jims, aii\ [Miiodie eiiiie ol the genual shape of a eosiiie eiirve 
whose iiiaMiiiiim \aliie is .■! dhe lap plus ihe I, ail i, when the ei,ink angle 
IS 0 or IHII (|i o|,.es Min he (oinhiiieil wilh a uiue ol ihi same pel ukI, 
the getlelal shape lolloUlllg a SIIK 1 inve whose l.lllle Is /elo will'll the 
eiallk Is 0 ol iMIilegliis toei\( ,i iisllllalll nitle whieh will lepiesellt 
the iiio\I iiieiit ol a sliile \al\i lapahle of pioilm iiig ,l ilisinhiilioii of 
slealll wIlli h will illIM the engine 

113. The reversing gear known either as the Heusinger 
von Waldegg or the Walschaert gear. This is ,i geai, h'lg li,'), 
eoiisliiieti ll on Ihe piiiieiples ilisensseil ni Ihe piiMmis ailnle The 
IHO lleglii ol .1 lonipolielil, ol the \.iUi million, whsli il will he 
lememliuiil IS IMIiligi.is lioin aiigulii ngieimenl willi ihe ii.iiik, is 

ohiaiiieil In me,ins III ,1 h VI 1 . ...I lo I he v.ilvi spimlle .il I', 

ami 111 the I tossliiMil .u /I 111 iheiiMi.il .n i.itigeiiu iil 111 tile geai the 

l>"inl I’ Is . iipelleil lo move in a sti.iiglii Inn h) siihsi.inli,i| giinles, 

eilllsei[llenlK Ihe . Iielloll Iwlvvilll Ihe mil ll ,mil ihe Ilosshl.ul 

Iiinsi eiihii he slolliil. , 1 , till. Imk Dll 111,IV he lllluposeil to allow 

a Mii.ill am,unit of veilie.il . |o D .is it swings .ihoiit llie 

P'""' * 'I'l"' .. . -I iimsi he so ehoseii ilut. eoiisnl, ling If 111 he 

a Inleiiiiii al lest, ihe imiMiniiiii inovmieiii ,,1 I' lo the tight oi lell 
of Its ei iilml position is i.pi.il to ihe sham l,ip plus ihe I, ,iil The 
level y.lD thus has two fiinetions one, the levusal ol ihe imilion 
of the elosshe.lil so lluil Ihe motion ol P is iipilvalellt to Ihe imillou 

It wolilil leeeive lioiii ,i emiik pl.i.I at I.MI iligiees vvilh |lie main 

ei.iiik, this IS seeiiieil h_v pla, mg ihe point ,/h, ivvei n I' ami I) the 
iitlier, the ivilnetioii o| the sHoke ol llie , rosshe.nl to Ihe^.iinoiiiil 2.1, 
vvliieli IS aceoiiiplislieil In piopi ily elioiisiiig the position ot the jKiinty 
111 lel.itioh to Ihe points I' ami D 

The IK) ilegiee eoniponeiit of the valve niolion is ohtaiiieil hv 
Ooniieeliiig the fiileiniii ,/ to a link AV, eniveil to the i.ulms ol the 
valve lollami ilnvuv hj a single eccentric sheave so placed with 
" reg.iixl to Ihe clank llial Ihe link AV |iasses Ihimigh the position where 
J is Its cenlie of cuivalnie, at the insfants when the ei.viik i.s j)a.ssing 

of J.vmI vwvi.vf ... .. I. A I 
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180 dpgroos. The anpiikr ])o»ition of the sheave is in consequence 
+ 90 or - 90 degrees with the nmiii cmnk if F is on thu iSie of stroke 
of the pistdm, but if for constliictnr n-asons it is found ronvonient 
to placi' F iiearoi to Q, tho angle* h slighth changtMl Tho point Q, 
about which tho link is a fixesl avis, Iuukv. whon the point F 

is brought into <'eiinci(h‘nct with l>y tin* tinning of tlic weigh-bar 
shaft whoso axi" h at ir J jt‘<-oi\tN no iiiotiuii hum tho link, that 
in B — 0, and tho motion in mid ge'.ir. 



V.uiafioii <if lhi‘ \aliio ant] sign of // h obtained l.v placing the 
point F in a posiiitai <il)iri aliovo or Im Iow tlio fi\o<l axii Q The 
[josition iss roiiindjod b) tliu siispoiiding link SV and tho woigh bar 
shalt 

Whi'li half of th*' link uill ditomnnt* the ^ign of B for jx/sitivc 
rotation (tbrw.ud running) ilopcnds upon which <nd of the link is 
connected to tho eccontiic chea\o. and again, whether th<* cceentric 
shoa\o iM hO tiogtecw appio\imatol\, in lioiit of oi hi-liind tho crank 
To ascertain which is ihe half tor posiino lotalioii in any given case 
with outside stoam adtuH-.ion. iinagiiio tin- crank placed at U degrees, 
an<l then to bo tnrn»-d shghiK in the j»«j-*iti\c dmcfion Then that 
half of the, link will determine jhisiuvo rotation whnh mo^ea away to 
tin* left <»! tho MTtioal centn* line 

The nnlius of the eccentric sheaNe Oj must l>e so cliohcn, that the 
motion V rec<‘i‘.cs tlfroiigh thn link Be and the iev<T i)JV,D being 
now the fulcrum alK>yt wbu li the lever turns, has a stroke »'pial to ^B^ 
when P IS at its greatest distance either above or below B itself 
having the value curivspunding to lull gt ar. 


D. f. 


10 





Iff. 136 . Wauchakbt 'Okas fob thk High X^essurb Cylikdib of tjo* Db Glb{£h Ck>HPOUBix 
Hobthskm Railway of Fbanok. 
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Thus the link Ee has two functnuis, one, the changing of th« sign 
of B, which ii brought about by pbn-ing P t-ithi r ab<»vo or below Q , tli.* 
other, the changing of the magnitude of B, wlmdi is ueocauplishi'd liy 
holding P at a definite distance from th*' fixed oontre by tho weigh* 
bar shaft gear 

When the crank is at 0 or ISO <legro<'s the xalvi- will be ojK*n 
by tho amount of the le.ul In order th.it the lead may n'lnain 
constant, whilst the gear is ch.inged from full forw.ini to full baokwaixl, 
the point J mu^'t remain at rest whilst ihi-s < liange m tie* eonligniation 
takes place. Thi.s condition is secured by cuning the link Ee to th<‘ 
radius JP. The initi.il geomeineal pmblrni m connection with the 
design of all reversing geais is thus exactly lulfilled. The distinguishing 
charactonstics of this gear are thiuid'ore lh.it the lead is <‘onstant for all 
positions of P in the link Ke, and that oiil\ one eeeeiiluc sheave is 
required. 


114, Walschaert gears, Northern of Prance Railway, and 
BeUhst and Northern Counties Railway. Tiic gund record of 
the De (llehn fiuir cilinder conijiounds on the Noidicm Uailway of 
France in (smnection wiih (he express senict ln'twien Tans and Calais 
is Weil kiH)Wn m this eountry. It is iniiTesting to notice that the 
De Olcitn Compounds aie fitted with the V\'.dsc|ia<'it gear fitr both 
the insule and outride e\limlcrs, the geiier.il .uraiigcment of the gear 
for the ouUuIe e^llnde?^ being shown in Fu( I2l) ami ii»r the inside 
(flinders III Fig 127 

Roth (Imwings are biierMl siniilarlv with the centre Inii' sketch, 
Fig. 12.'). so th.al there will bi no dithculty in following tho several 
])art.s. It will 1)0 observed that the I'ccjuitiie sheave giving tho 
yO degree component, has been replaced by a return crank m the 
case of the outsidi’ g'MV. Fig 12(> '1‘hi‘i is tin- usual arrangement 

when the gear is apj)iie<l to imtside cylinder engnios. 

Another |K)mt to notice is, that the return crunk, though equivalent 
to an eccentric placed at fiO degiees with the crank, is connecti'd by its 
ooccntnc nxl to the lower end of tin* link AV, so that the lower h.ilf of 
the link didcrmimxs jsiHitivo rotation. Thciefire u is to be eonsidorcd 
negative when rm'asurcsl fuun Q, upwards, and jmsitivo when measured 
from Q downwards. 

The valve spindle is constrained to move in a straight line by the 
guide Gt which is fixAl to the slide bar 

The slide valve workerl by this gear is of the lialanced tvpo and * 
has alrea<ly been illustrated in Fig Ifi. 

The gear fur^be iimido cylinders, Fig 127, is generally similar in 

15—2 





















2;!(i Yalm mul Valve dear Meehnmk [ch. vn, 

to tli;it /i>r the (tiitsidc cviiiidoiN An eccenfcrjc sheave driws 
the Imk. heni^ conitUd In' its eccentric rod so that tlje lover liajf 
det(7/;jnjf's /ir»‘.)/nr /fn.ifion Tin* Invictcf ^oiidin^ file valve spindle is 
Mt<'d to iho dame. I am jndrhfeii io Mr Boscpiefc of the 

Nortliein IiJiil^av "f Krance fur the drviwirij^^s frorii which Figs. 126’, 
127, K) and Fig l't2 l)ch>vv have lieeii [Tc])aH'd. 

Fig. J2H .shows the aiiangriin'jit (lie WalsrhaiTt gear used by 
Mr Malcoltti on M>ni<- inside cylinder four euupKsi Iceoiimtnes, belonging 
111 the Uc'll.ist .ind Xoilliein (.’oiinties Railway.* It will he iiidicod th.'it 
tin- {‘Chile lim- ot (he (nlinrlcr is iiielmeil to ihe Inn* of .stioke of tho 
valve Tin- gi'Mi'iMl .ui.uigi-iiient of tho parts can i-asjly he iniule out 
from the diawiug. 

The Walschaert gear is l•\tensl\^‘ly used in locoiimtivo ja.KdiCO on 
the Conlineht. iii fact it is lapnlly displ.icing the link nnition there 
that It ma\ he censideied the standard tonij of n-vei-sing gear for 
locoiiiotivi' work 

It has hei-n vised |<j a limilul e\ienl oti ni.uine engines, Messi-s 
IVnny cjf l)timh,ii|on h.iviiig titt<-d a oMKlifie.ition nt it, drsigned hy 
Mr Wallet Block, t{> ahont 71) .sets {)f engines, jin'liiding tho^e of the 
Ihiver, (\din.s LuhI Wunlcn jind otln-r vi'sscls which .iii- ninning on 
the en»ss cliannwl .ind other seivices A liin- ticxh-l of (hi- engines 
of the Vmiirss Ilrtnivltf titli'd with this geai {‘.in be seen m the 
Snuth Kensington Mu.s«‘iitii 

115 Walschaert gear continued. Valve displacement 
curves of the high pressure gear fitted to the Northern 
Hallway of France engine illubtrated in Pig. 126. Tlie .symbol u 

lueuiis. Ill cmmection with Ihis gear, the {lislanee helween the [lOints 
F ami when the ei.uik is in tin- /eio ])ositn»n. u henig reckoned 
posituo when it is un-.iMiied fiom Q, ilownw.irds, and negative when 
mejLsnusI tioia Q, upw.iids 

A set ot {||s|)lacetiieiU emves foi values of u, 

l.')5iiiin, 4i"s= 114nnu., 3"-7<)iiun, 1 J"a.3Hinni., 

zero. 

—loomiii, — 4^' =— 1 14null. —3"=—70mm., —188mm.,, 
is shown' in Fig 1211 ti>gethcr with tho piston di>pl.u-ement curve and 
the lap liiK's, tin- combination tonning the valve diagram for tho gear. 
In this case there is neg.ilive inside lap so that the pmnU of release, 
iiuu-ked generally by tho letter r,Hnd tlie jK>ints*of compro.SvSiun, marked 
* generally hy the lettei do not tall on the \ej/ical centre lino of the 
diagram. It will be seen from the diagram that the lead is constant 
for all values of u. , 




120 . Valvb Diaoram or Grab illcstbated ijr Pig. 126. 
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The ronimon Vf'rnVal TTis placed to secure equalitv of load in the 
two cyclca. *' Th<- c<-nfn‘ line djn^'i.-ini at the top of Fl^^ 1^9, shows all 
the diincjisions, aoil tlio selting- of the wei^h-bar shaft for which the 
displiu-eniont eunrs wore iliawn A small vertical movement of the 
wi'i^di-bar sltaft relatively to the cranlr axle has a neglij^ibly 

small eff'ct on the distnlmlion. Jn tho actual engine the vaKe was 
set so that ihne was a slight difference in the leads fur the two 
cyeli'H. 

The drawing of the dNplact'mont curves may be e.uiied out in the 
following maniKU'.— 

(1) Sot out, Fig. KtO, the ccntr<' line of the \alve ^Jllndle w, ^ 
lh(' ceiitie ot the ci.iiik ^haft 0, the eenire (d tho weigh-bar shaft 11’, 
and the tixed centre about whieh the link oscillated, Q. 

(2) Assume that a di.spl.ieeimnf niivc is to be di.iwn for 
a gi\en value of u. lhaw tin; Woigh-bar shatt in the angular 
posiiiuii Ooiros[n)nding to the given value <tf u, thus Hxing the 
position ol the point of siispension, I/. 

(‘1) A Sf-ries ot point" have now to b<‘ foiui<l on the displace- 
im-nt oni\(' ]<»r 24 <'<|mdis|.int eiank p<Nitions. hot 0 be tin' angle 
defining ono p(»"i(inn. Set out the ciank at lliis angle and 
im asuiv (Hit Irmn it the p<Jsitioi) of the cecenine, <»hlaining thereby 
the position of the jioint j. With radius o(|ual to Iho length of 
the eecnitiio tod diaw an arc /j/’a houi j a" oonlie. Or 
8Up[ii('s"mg the eeis’iiliie lod, this aic ma\ be set oiit w’lth a 
cmved templati*. I'lg. KtO j" aitanged on (he asKunijition tliat 
this inothod h.is bism usrd (Soe AiLieie fMI, Kit; O-T) With radius 
equal to and contie Q cut the aic F,Fj m F This lives a 
position ol the link. To diaw it, use a temiilat-e, slniped to the 
cutvo /if, having the points (J and F corioctly marked on it, 

(4) Diavv |ht‘ iLidi of tile point il and lix the positiou of i/ m 
the path for the given value uf d, 

(f)) Make the chain of links 11 J), DJV, JSP, SU out of thin 
wood, letting m small transparent celluloid windows a? V and P, 
piei'Cftd wall a fme Imle to define the points Tand P,mv\ arranged 
that tho under surface of the ccdlnloid is in contact with the 
surface of llio pajuT. Fix points to the links at the centres 
corresponding to U and H and finish themito a fine needle point. 

« (C) Then placing one centre at U, i^d the other at the 

position found for H, move the chain into the position where tho 
point P is on the centre line Ee whilst the point V is on the line 
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of stroke of the v.Uve. This position c.tn he found with ncrurarj 
since the fine centre linos cun bo brought easily to tin* conin' of 
the needle hole in th<‘ wiiulows Then puck ihiough the posilion 
F. This fix«*s the poHitjon of the \al\e coiiospoiuluig to the ciaiik 
angle d. The remaining positions can be found in a similar 
manner, ami the disp’ucomoiit curve fir th*‘ <;uon \alm' of m 
is then found by projo«'iing or Itansfening tluse positions to the 
hon/(*ntals of thedisplacenniit diagi.iiu «'oii<-sji(HHling to Ihe several 
crank angles, thus fixing the 24 points thioiigh winch it p.issoH 
(7) Repeat the prot'ess fol dllVelollt ]iositlons of tlu' point of 
ens]ion’'ion C eonesponihng to stated \alui-s ot n and having rliawn 
tin* faniiU of cunes plaec tin' xiilmal .ims 77’, to s.itisly home 
sUU'd omdition of val\e setting 

116 WaUchaert gear continued. Approximate theory. 

First Approximation. In tins iiuestu'.ition the se\rial oblnpiities 
of the comuM'ting lod. of the oMs-ninc io<l and of (he susjieii.sion link, 
UtS, aie neglrctod, aud llu* \alui' of n h supposo*! to leinain coiislant 
C<»nsidor Hist the 180 dign-e <ompoinnl oj the motion The 
point ,/ Kig IdO, iH the fnh'ium .iliout winch (he loser VJl) tuiiiH 
undei the action (>1 the ciushli* ad, and when the 7/ compuneiit is equal 
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to z('r«) thiH point h at rest, for the small vertical motion 

consequent upon the eonhtnunt of V in a straight line. 

The point J must be i-liown betwec'u the pennts V and D so that 
the alioke of V h ejpial to 2.^1. that is to tsvice the steam lap phis 
twice the lend 

Lei li be th(‘ rafliUH ot tiu* imuii crank, tiieri 

. * VJ .}h = A n . (1) 

H a lekitnm fioin winch the piopi/itions <»t lU- le\ei 111 . 1 } he Ibuml 
wlieii A .uid li all' known 

The dispUieriK iit A', of the point II, tioni its ci-ntral position, in 
lerins of the nank angle, which n of course the saiiu- as the displaco- 
nient oi the ciosslti'.nl ceiilie, is gi\i n liy 

X — lii’o'-^O . ( 2 ). 

Hence, neglectini' the ohli(jiiil\ elhrt ut the link ill), lli»' value of the 
180 degter loiiqioin-nt displacement Is given h} 

-,1 .(3). 

Secondly, coiibidei (hr !M) degiei' component. 

Lot 

Ql‘ -■= <t, 

n,--r. 

Ni'glecling the ohliijinl} ot the eecenfne rod, the displacement of 
thu point t\ horn its eenlral position, is gi\<'M 1)} 

I ni^(^ + *10) — — r sm 0, 

and the ilispl.n emeiit ot any [loiut l\ dblant 11 liom Q, will l>e given by 


- / sin $, it P Is h( low . (4). 

+ ^Vsin61, if P is above Q ..(5). 


For positive rotation of the crank the ntgafivr* evpivssiyii must bo 
taken. In (his « may be supposed positive. Theieforc by changing 
the sign of« to minus when it is measured out above Q, the exproKsion 
will bo luljusted lor ncg.itive lotatiou without turtlmr consideration. 

Neglecting the effect of the suspension link, and a-ssuining the 
nxi JP to move alw^ays parallel to itself, the p/hnt J will have the 
tame horizontal movement as the jmint P. iHence e<|uation (4) 
nqiresente the displacement of the point J from its central position. 
So fai* as the lever VJD is induenced by the motion of the link it 
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turns alM)nt i) ns a fiilcnim. Tho of J luusfc be incmwcd in 

the ratio vuliio of tho JfO oum|HHU‘nt at 

the valve spinillo. Thoroforo tho (li^pl.u'cmrnt of fho |n»int r, dii(‘ to 
the action of (In* and (In* tliom^di nliidi (ho action is 

transmitted, is thus 

>»VI> . 


The wh(»lo ili-'jpl.icTiiirnt ol (he val\''. tu a fn^t api'io'viinaiMii, i-* then 
gnen by 

r./ , n,VI) _ 


Second Approximation. )U i ikmg into .k roimi ihc obliipiity of 
tin- foiiMi’ciiiig .irul on i nine lod'- an i-xiim ssiun giMii;; a near ajijiroxi- 
malion l<» tin* acfiial dis[ilae(‘tnent of iln* \al\e i-an hi' ohlaineil Tin* 
assuniplion lliat tin* \alue of u n mains ciiiisiant. niusi slill he inadt*. 
This assinnjitmn can he niainlaiin d si*n'*ihU fine (oi i ithei ion* gear or 
back gear 1»\ ]hi)|m i]\ f•llnu^lMg the jmsifii.n of the wngh-har shaft Tii 
(‘tigtnos designed for (Xpi*''" noik.and vsiinh ilieiefore inn usually in 
foiward geai flio jiosilion <d tlie ncigh-hai hli.dl slionid Ik* chosen to 
inako the v.uialion oi u a iiiiniinuni in fonvaid gear The result of 
that a<l|nstnieiii is gejieialK to men .isr ihe dip in hack gear 

ItefeiMIlg lo Alh'leTl ll uill lie seen lhal eijil.ltmn ( 1) gl\(*S tho 
ilisplaci'iiH'Ml of file pisloii hoiii jls ceiitial [losifion 111 t( mis of the 
crank angle 0. Negh-cfmg the etihef of the link IfH, this is also tho 
displaceinenl of />, Kig IdD, from its central position Hence the 
180 rlegieo corn|ioni nt of the \aUc displaceineiiL la gn4*n l»y 

I X I-T.-7. . (10). 


where L is (he h*nglli of the ci.nnei ling rod and R is the emnk nulius. 

If r iH the eccentric radius, and I i.s the length of the (srentne rod, 
tho displacement of Ihe jioint F lioin its I'entnil po^llloll is given hy 
the expression 

. („), 

which i» iKjunHli nt 


( . r“c-.^'0) 
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Thi’ (hsjiLiirinciit lit flio |)(iiiit F, corrapunding to a positive value 

Ilf «, h ' , 

;■« I - ri’iis'd) 

■"”'^--0/- .03)' 


d'-suniiuj; II III leinaiii eiiiiituiit in laliie, iinil iieeleeting the effect ot 
ihe iililiijiiiH III file iciii ,/F, file jiiiiiit J has Ilie same huri/iiiitul miitioii 
as the pniiit F. 

AliillijiKiiif' e\|iiessi(iii (ID) liy to ohiaiii the \alue of the 

hO degree e.iiniioiieiit at ihe Mihe s|Miiclle, ami adding the e\)iresMoii 
for the 1K(I digiee l•olll|lollellt, given ill e(|iiallon (10), the aeliial dis- 
plaeemeiil of the point [' is given liv the e\|iression 


VJ „ 


I 


(‘DM 0 + 


R Hlll“ 

■21 ) 


17) 

.A/) 


M/1 ,, rcDs’^l 

-cT^- -21] 


(14). 


'I'hiM i‘\pr('Hsion trues tliD (lh}tl.«‘Dim‘nt of (he \al\e, reekened fiom its 
cciitml puHilion, Dj {‘(‘ntu' <>t Dveill.itum. 

Tho position of the fi'iitie oi nscillUion fhanocs as the vahn‘ of « 
IH chuiiged. In onh'r (hat the evjiiessmn may gi\e the displacements 
fiom a common axis, as the axis TT m the \alvi‘ di.igiam, Kig 12!t, for 
all values ot a, a const.uit teim must he added to the 0 (juation, whose 
value IS to he adjusted to each ch.aiigt' in tlu' v.iliie of a. 

Thus, let J{u,0) lejaeseiil the light side tit eipialioti (14) Then 
111 gelieial 

. (15) 

Let a di'lhiito value, a,, he given to u then aiiv value ma\ he assigned 
to C. If the assigned value is zei«i, the eijuatmn gives the displace- 
nieiils from the centre of oscillation (siru'sponding to a,. For gieater 
generalitv let tin* constant have the aihitrary valm* (« 

When aiiothei value is givim to vi, say, tin* constant Ga changes 
to Cx. If the gear ib set so that the lead is constant, tin' values of x 
at tho dead points are tln' same for all values of u. Hence when the 
diMplaceinents aie im'asured tioin a common axis, the axis deU'nnmed 
b) tho initial value (a assigned to the constant, O', can Ift* found from 
the equality (vht.uned by putting ^ = 0, in the g(‘neial equation obtaining 
vT, the displacement at tho dead point = /(Wi, 0,,} + C, (i/„, + C®, 

fioin which 

a =/(«.> ^o) + Ca.(16). 

In onlor that tho leml may romum constant fgr all values of u, the 
link must be arranged so that tho jsunt J is its centre of curvature 
when tho crank angle is either zero or IdO degi-ees. "The eccentric rod 
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and link must therefore have the configuration indicated in Kig. 181 
for the cmnk angleH 0 and IHO degrees Unless thi*^ <*ondition is 
realisisl, the jujinl P (.animt )>e inoicd fnjin lUs extieiue ii])per jjuHition 



Fig. 131. V\’’\r‘5C’ii\FnT Tin pou ('*'Nsuvt Lkad. 


to its rxtirijK' lower posiiion without chaiii;i!io fljc lead The pant m 
riiarks the iiiid-])ositioii o( h\ and jt will he at once uiideistofMl from 
the figure that the link does not oceiij.i iIh mid*.ingiil.ir position when 
the crank is at eilhi-i dead point. 

Example. The dimensions of tlie s«'\e!;d <jnan<ilies in (’qimtion 
(14’) in (lie (.Use of (he high pressuK geai oi tile Noitheiii ut Krauce 
engine i]lns(rat»d on page 22(p aie — 

r./ = 75 Him. 

Jl) ^ 70(t mm , thei. foie \'lJ = 775 inm. 

I{ =320 mm 
A -- 2200 mm. 

) — 00 mm 

I = 1313 mm, 
c =2(j((mm 

IntnKlueing thes(‘ values m eijuation fl4) and adding the aibitmiy 
constant (/., 

j; = - 84 25 (cos ^ + 0 0727 Kin= ^) - 0 3K3a (sm ^ - 0 034 cos'* $) + C^, 

Tabic 9 exhibits the result of applying this formula to calculate 
points on the dwjilaceinent curve for rnnl-gcar, where (**=0. The value 
assigned to the arbrtrary constant is zero This \.iluc corresponds with 
the jioaition of the cointnuti vertical axis TT, Fig. 129. which is there 
drawn so that^t corresponds with the centre ul oscillation of the valve 
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fur inid-guar. From the Table it will be seen that the results, compared 
with the ncltml dinjihiawent, measured from displacement curves, are 
within about hal/'a iMrIliiiictre. There may of course be sjiiall errora in 
the dniivinjf, so that so far iis mid-gcar is concerned, the formula may 
be considered fmly acciinite. 

The lesults of calculating points on tH'c dis[)laocinent curve with 
values of «* yll-tiiitn, arc guen in Table 10 The corresponding 
meiusiirenients from the actual displacement ciiwes are also tabulated. 
The differenci's belween the nieasuied anil the calculated di.splacements 
arc greater than in the case of mid-gear, chiefly because the sus[ien.sion 
link keeps i{ III a continual state of change In foie gear, however, 
where u has positive, values, the differences are not. gicat. 


TABLE 9. 

■Wti.viLtniiT Valve Gevr. 

Comparison of the rirleuldted ralues of the disjihiremenf mth the 
vutues ineitsuied from the uetiiot tlisplaiemeitt ciun's Mid-^ear. 


r I 


Value ol 11 

I'ull-ulftli'il iiilue 
tlini 

Actii.vl value 
um 

Oilt-e-ni'c 

lulu 

0 

- 312.1 ' 

- 34 2 

0 05 

30 

- 30 2 

- 30 9 

0 70 

(iO 

- 18 97 

- 19 3 

033 

90 

- 2 49 

- 2 0 

on 

120 

15 2 

15 0 

040 

1.50 

291 

• 28 9 

0 20 

ISO 

34 2.5 

340 

0 25 

210 

291 

29 2 

0 10 

240 

15 2 

15 7 

o.io' 

270 

- 2 49 

- 2 8 

031 

300 

- 1897 

- 19 0 

003 

330 

-30 2 

- 300 

04 

300 

- 3425 

- 342 

005 
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TABLE 10. 

Comvnrtsim of the calciihfed mlueg of the diephcemrnt tnth the values 
medsured from the actual ciisplacemeut Guvvcd when u is efjual 
to + 114 ajid - 114. 



u= + U4imn 


1 

-■111 nira. 


Aogle 

Cull ulatod 

MnilsHrod 

Diffrii nco 

j Calculated 

Mi’aHurisl 

Differenoo 


iiiin. 

atm. 

null 

mill 

nun 

mm 

0 

- 04 25 

- 34 20 

oo:) 

j - 34 25 

34 20 

0 05 

:io 

- 52 4H 

- 52 ()0 

012 

- 8 07 

8 20 

013 

60 

- .57 91 

- .58 00 

0 69 

19 94 

21 1)0 

100 

90 

- +7 63 

- 49 00 

1.37 ! 

42 66 

44,30 

164 

120 

- 22 66 

- 25 00 

l.'U ' 

5419 

55,50 

1-31 

150 

6 83 

7 00 

017 ; 

51 24 

6120 

004 

ISO 

34 25 

34 20 

0 05 

34 25 

34 20 

00.5 

210 

50 50 

,5000 

0 50 

7.58 

5 50 

208 

2W 

51 !»5 

.5300 

10,5 

- 21 .50 

27.50 

600 

270 

39 Its 

41 00 

i:i2 

- 44 67 

6300 

8-33 

300 

17 70 

18.50 

0 80 

- 55 6!l 

61 ,50 

5'81 

330 

- hk2 

- 9 00 

0 18 

- .51 74 

5,3 00 

1'26 

360 

- 34 25 

- .’U 20 

0 05 

- .i 125 

34 20 

0-05 


117. The dealgn of a Walschaert gear. Pron i il iis (iillows 

(1) Miiki’ a [in'liininary <liawirig of the gear, adajjttiig tho 
general arnnigeuient to 1.in' space .'uailahle. aial for greater 
gener.ilily supjiose the jiojnt F, I'lg \io, to tiioae in ,iii arc which 
is above the hue ot atioke. This drawing fixes provisionally the 
length of the connecting rul, the jiosition Q. of the centre of 
the link, the jiosition, H', of tho centre of the wisgh-bar shaft, 
tho distance QF=c, and the niaviiiinm value of «, It is 
generally conMonint to conneid. the end of the eccentric rod to 
the lower end of the link, so that with the cicentric set at 90 
degrees, the value of u will he positive, when measured out below 
the centre Q, and negative, when imasured above the centre. 
The .signs of u igiist bo revemed if the eccentric is set 90 degrees 
behind the crank. 

• ^ 

(2) AsHiinn’ 8iiitftt>)c values for tho rut ftff, Ivad, and maximum 

port ojK*ni^ tor for full guar, and lind the oquivaleot 

tjccentnc, whose constants are o. 









Radiol Gears 


CH. vni] Radial Gears 

(3) FiXiiu Article IK!, cijiiatinns (X) uml (9), 

pc.»ir = A = -jj^xh . 

Jll' 0 ■ ■ 


m 

(I). 


rl) 


(4) DoM^m till' imk VJI). E(ju.itii'ii (1) lx* \\iin<*n in a 
more cuii\emt'iil (uiiu loi thn pnrpuse, n.mirl) 

/i 


Then tike a \aliie of I’./ l.iii'i* lo obtain jnojM-i joints 

ut Kami J, siilislitiite tile known i.ibns of A and Ii. and calculate 
the Icnoth JD. 

Tile desi;,oi of fin* joints at T and ./ i'' an inipoitanl inaltei 
A diawini^^ of thoM' Jo|nl^ |oi ilio ;(t.u illu''iiatrd in Ki,i( 12() ih 
shown iti The acliial distance iMtwein llie joints is 

75 min. = 2 !KV', I’ins T and ./aie oblannsl «mc 1) it) nini, = 1 575”' 
diaiiictii, with loom for the min-tnelal bu'^lios 

The olijM'l <»t the genual ,iilaiigojia nl is to t tin- ccntie 
of the )«unis and J in the same\i iti<,d pl.nie in oidei loaioid 
a twisting action on the \al\* spindle This is aeconiphshed by 
eoiifiling th( uid ot the \ahe spindle, I\ [<» a long .stijiup F, 
which i.uihs tin Joint rcuilialh. .iml ts guided in a sliaiglit 
lin«- b\ the bjaeket (r. liolnd t«i the sjic|( bar's A giin-im-tal 
block Ii. held up b^ the bolts foinis, with a gun nn-tal piece C, 
a giinle foi ihe sinnip The bloi-k Ji is lio||o\\««j out cenlr.dly bi 
allow cleaiance loi the \.il\e toil when tin- motion blo<*k 7^is at the 
uppi r pait of the Imk 

(5) Haling tix< d the lengtlis Vh .ind Jh calculate the \ahie 
of r tioiii expiessjon (2) sKbsiuuting thueiii the riiaMiimm value 
of (I Thus 


.//) ./i 

Vlf ^ u 


.(4) 


(d) FiihJ the proper .ingiil.ir advanc(‘ of the »'-ci ntiir slieavo, 
or return ciank. in the wa} detadeil in the e\ani]»le following 


118. Example. Design a WaNchaeit vain.* motion, the full gear 
conditions being — • 

Cut-off. .SO per Cent of the slrok.' 

.Maxiniutii opi-nmg, 1 ti25 iiielieh 
* L<ad, 0.‘1 inch 

16 


h V 
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The (.‘(|uiva]i‘nt <‘rfTiitric c<fm‘sp(m<hng coiiditiuns is 

p = 2 055 inches '* 

a^ = 120 dcgrei's 15 mimitos. 

Tlii'tofuic A = la|M's= p (.‘OS \^ = inches. 

/y=psiiiA^ s= *2niclicij. 

The Mcaih lap is thcicf'oi*- 1011 iiichi's. 

DeMijn of th<' Irrer VJJ), L(‘t the siiuhc of tlu' jiiston be 24 
in('h<*M, Hi) (hat thr ci ink radius, R, is 12 inches, and let the distance 
VJ be 3 inches. Then titan e«juation (3) ot Aiticle U7, 

12x3 _ , 

Jl)si ^ inclles. 


I^eteiminniMn of the rudifis of the ermifiic fiheurr Lot it bo 
assuuied thal the ]iieIimiM<iiy (hawing has shown that the loilowin^^ 
diiiiensnais will be loineiiimt, namely, 

(’ -10 iindies. 

u = 0 inches toi a tn.i\inmm \alne. 


Also the calculation pivt made gi\<‘s .//i = 27 inches; and T7) = 
(27 + 3)=s30 luchi'S. Till n lit>ta eipialn)n (4) ot the piesent uiliele, 


10x27x23 

0x30 


= 3 45 mehes. 



Pig^. 133 . Walsoti \rrt Okaii. The SEirtv'd op tde Eccentric Sheave. 

To find the aniiuhir adntm'e of the eccentric shenve, or the anfjidar 
position of the radius of (he return viank. Set out the link, Fig. 133, in 
the position where J is the cenlie of curvature, J is to be taken on a 
lino parallel to the line of stioko of the >alve and pa.Ssiiig through the 
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vntrr of tin* link Q JQ is ctunil lo the of llio uni uuil 

thia length is ^h-l<Tmineil hy tho proliinnur) «ir.i\nng 

Draw Q/’at light angles to the line of sdokr of the piston. J(»iii 
FO. Then the points iiml are \oiy ne.uly tlm jn^MtMiJs occiijirmI 
by the centre of tlio i*i‘ci‘ii1iic s!uM\e \slo'ii the }»oinf F is at its 
lead points. Di.iw Oj at angles to FO Tlieii Oj js llu* jiosjMoii 
which the eeeeiitiic nnisl oe« iip\ when ihr < l.iiil\ is.it 0 ih'giei'S, anil 
therefoie ^ IS the angle at whn*h it mnst he s<‘i. with leg.ird to the 
:rank Tin* dotU-d poviiion df the er.ink and eeeenlnc shows that the 
point F i.s hioiiglit to the same position in its p.itli w}n*n the cmiik i.s 

the IHO degree position, fhairc for i-it)ier of tlirsi- pnsitmns Iho 
motion I'loek may he nio\ed from on<“ exfietne position of the link 1«> 
the otln-r, without mo\ing the \al\e, In e.uisc ,/ is nil (he turn* at tho 
.•elitie of eiirvatiin* tif the link 

The wejgh-liai sli.ift (intie {mij iinw In -1 Imscn to minimise tlie slip 
in eilhei go.ir oi to k» i p lln slip .is snt.ill .i.s poss||>!. m lioih toiwaid 
iiul liaekwaid ge.ir. 

119 Radial gears. Hackworth’s gear. .lolm Wesh v H.iek- 

Woith, in patejilerl a \al\e gear, based upon tin* puneijile of 

:omhiinng two niolions at light angh-s. wlm-li dillend considei.ihlv 
fioin tlic I'lims of goii in ns, nji t<, that dalo. ,in,| this gear ]na\ be 
'ooke<i nptin as tin* fiis( of .v elass oJ uMising motions whieh have 
■•ineehien developMl iiiidM (hr name of i.kIi.iI g, ars 

I'jg 134 sJiows lln-JiriTK I]ile o| lie geai whieli Haekuoidi pati'llted 
,n his 8j>(‘“ifiealmil, nniiihm 244M \n ,se, niijr- <}}f \s [il.ieed at. 
IHO (legiers angnl.ir ad\.inee with the main emuk. <>!( Tin' eoceiitiic 
Tosshead J IS coiisti.iin' d to ino\e, h\ ihe guide /V'. in a sii.uglil jiath 
•slneli ma\ hr pl.ieiaj ,‘\a(l)\ at iigltl .ingles with the line of stroke of 
lie pisl.Hi oi It, m.i\ lie imliind to ih, nghl, oi In the left of this 
vertic-il jinsitmn .md held .it a d, tinite angle, h, mr.nis o| snilalde 
?ontrolling ge.n, inotinn I.iking jd.iee ahoni the lixed axis H Tin* 
valve rod is now joinled to the ecemdiie rod ;it a jioint V 

It will he spell at olK, I h.lt the liol J/on!.d plo). ilion o| the motion 
if Tgnes a eoinjuineiit at l-SO ihgtei s uilli the ei.nik, tiie half Htioke 
d which ina\ he made e<pi.d (o the (juaniitv A, the l.ip phis the 
end, hy suil.ihh clmosing the ecetnlin- i.idiiis ainl the j>osition of 
he point r along the^od. .ind lliai the lioii/onlal piojeetioii ol the 
notion of J m its ineliin d ]i.itli F gi\es u 30 degiee i oiii|H)iieiit, 
which, lediicpd in the*t-fitio VD .//V. comlanes with (lie JM) degree 
'onijioneiit to piiiduec a lesuhanL hon/.ontal iiioiioii of I” suitable ibr 
A'orking a slide xMve The magnitude ot the 30 degree lornponimt is 
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uiriw/ In’ viin’mif tlu' inclinatmii x of thr path PP. When the pith ii, 
vertiral, the !)0 ilcgree conijxment vanislies (negleetiii^'thi^ obliquity of 
the lalio roil t')') anil tho inolioii la m iiiiil-gi'ar. When (he inclination 
in chaiigeil inei’ lioiii one suli; to the other of. the vertical (losition, the 
Higii of the !K) (legiee eoiiqioiient IS changeil, anil the eiigii,., is reverseil. 
Such hiit'lly i-s the imneiple of the aition of llaekwoith’s gear. An 
apiiroxiniale e'tiires-.ioii lor the luotioii ol I,he valve can easily be 
ohtameii, alien Ihe etfects of the obliquitifa of the connecting rod 
and the vijhe loil are neglecteil. 

The hon/ontal piojection ol the inolion of 1) m teiins of the crank 
angle is given by 

— 01 ) cos 0 . 

Aasuming the path PP to be veitical, so that (he ’H) degree eoniponent 
IS 'xero, the coiU's|sjnilmg honr.ont..il mol ion ol V is 

r.fxtt/t ^ 

ji) ^ 

a'<siuninc; the VV to 1 m\c axis TP jiliffd jit 

the mid-poMition nf ./'s inttlittn, []w SfHu'al (lisjtlaffint nt (tl ./ t’umi iN 
c<*ntial in IIh' jialli, Ihr oblnjiinv ut llii* cm-nliK* 

rod, IS iji\en by 


When th<‘ path is inebned at an an^df k !<• ihc vt ilu-al, ilu* h"n/ontal 
proj^jction 1*1 lliJh IS apphiMinalely 

tan fc X O/^sin 0 ..(1), 

and Hinei*./ n luniinp;'idxml. (lie pnint /> .is tidciimi the ni.iijnUude ot 
this must bi' ii'duct'd m tlu* latio VD.JD. Ikiu'i* tho 'JO di'^Tco 


compimi'UL is gi\»'n bj 


tan/e X TV) X OD 

± - JD 







5 
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The variable a^gle k oronn in the Hrroml term of tin* <‘X|)rfs‘<irni only, 
con.si‘(|m‘nJly the lead is oonstaiit, bocuusu when ^=0 or 180 dogroefl, 
this term \anislu-H. 

flackwoith shows an airangi iiifnl.in thr spotitication (junM above, 
m which tlir p.ilh 7'/* is n-pl.n ril ])y a i.hIiiis liuk U, ho < mdod, (hat 
the ])oint J is guided in a i iiived palh d^’he inclination (»( the curved 
path IS chaii^o'd li\ chaiigiiig ihe centii* A about uliich (lie link LJ can 
\llnah*. The niiitiMlIiiig gi n must !»• so ilesigiu d (hat the nuitie L 
may Ik* held lived answluic along (he jialh W,,. 

llackwoith’s iiM Inn d path ma\ be plat ul bet w» t n the points Tand 
/), as shown in big 10*) In (act he shows such an aii.ingeinenl in his 
Mpcciliialioh No 1-40 (aktii out in I.S70 In this (,im ihc ('(reiitnc 
Mhen\e (>h must be pi icul With /elo aiiciilar athauce, because the 
fulcium of till' loll J IS III twei n r and /(, llu' motion ol T is theietore 
180 degiees out ol [diase with the i lank. 


120 Marshall gear. Tn l-ST'h spenficaiion No '2\‘A^ Marshall 
putciitcd the aiiaiigeinent ol the llackwoith oe.n, Kig IM4. in which a 
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nir\('d was used inst^'.al of tho stnuj^dit ."hdi' PP. in combination 
with cerLiiiwnoditiciitions of the sto.im ]M>rts, with tin- ol))irt com'ctin)' 
fiomo of the ineqiiahtn-s of (bsUibution (‘(Hinoetrd a\ itli tins f \ jx' of rnilial 
gear. The ciined path i** deieriiiin*'<l In a radnis iml M.ushall s 
a]>]filed to a marine engine is show n in llhl, w lu le I ho airan^<*ment 
user) tor chan^'in^^ the j>os (am ot L, alono t]i,. aie A/,,, is .shown*. 
The eoeeiitiK’ (>l) is jfl.eocl at ISO dtOM.s with tlio mam eiaiik, and 
the point •/ IS constlaineil to niovo in a «in \cd palh w ]ii»s<> inclination 
to the inid-[fositinn can lie \aiud h) moan*' ot iho woim wheel and 
(jiiatliant "hown m the lioim* 

121 Two geometrical conditions which must be satisfied 
by a radial gear. There an- iw«> pmutples e4>nii(<t«d with the 
desi^Mi of ladial wlmh iM|iino elnsri examination These may 

lie afaLo<| ns two «•ondll^>ns which ntusi he sin-ta-d, if tie j^ear is to 
;.,n\e a laiiU sunineiii'al motion to the \al\<‘ aiH>iU the centre of 
oseillalion (onil)ined with tin* piopeitv ol coit'-laiit lea'l 

(1) \\ le ri the Cl.ink is pLu i d at 0 oi ISO di es. the ni<)\e- 

liulll ot the r<AelV)iio eXlM'IlH’ posltiiiH to tile (»ther 

bhoiild not cause an\ moiinn ol the slide \al\e This condition 
implicilh Jixi's the posihoii of It, Kig 10}., the tixui axis ol tlie 
p.ith III I -uise it, IS I he Imnmg o,' this path alioiit the axis Y/, 
from one 4‘xtieme position to the 4»lliei. which i< verses llie engine 
liom full toiwaid to lull hacktvaid g« ai llenci* tile point •/ must 
coineide with tile point Tt*^ in these two Cl.ink jiosjijons, if the 
colidll loll Is to he illlldli d 

(2) The ])oint IT should he a,s luaih as pi-ssihle the cenlieof 
the stioke of ./. othi'ivvise, the iieaernetil of the valve will he 
imecpi.il ahoiit the centre of oseiilation. Ineanse tin* fK) di'grei* 
comiHUjent will have diflerent maximum values duiing the rotation 
of the er.ink fioin 0 to IHO and from IMI to dtit) degu'cs. 

Hri«‘rty, for an accurate gi'ar, J must mov«- an though driven by a 
rod infinitely long, so that J is at the (cntie ol its stmke when tlio 
mam crank angle is 0 or ]«0 degree.s, and when the inclination of the 
axib is changeil it must turn about an a.Ms cojtieidont with Jh ceiitial 
pouition. 

It will be S(‘ 0 ii at once that Hackworth’s gear do<*8 not exactly 
realise these two conditions. So far a.H the first is c^incerned, this is 
exactly reAhsed if th| axis of the jiath is made to ('oinoide with the% 

• K«prodoc«d frum the Vroctedtntfs of thf hiMUtutc of Mo hat inil Knyirife-rt, J SSO. 
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p-HitioTi ./■^)ccllp 1 >^ in a lino at right angles to the stroke through the 
crank ahtifGi centre, when the crank is placed at 0 or 180 degrees. But 
hv placing irthu.s it inakob it impossible to n^alise the second condition 
exactly, becauHc <iwing to the obliquity cft'cct of the rod DJ, W is not 
then tlie nii(l-jHHitiun of J'h tia\el. It us also I'Mdent that whon the 
path VP is plactsl m the nml-gear p<>siti«n tloTe will be a small value 
of the 00 degiec compoiienl due to llu- obluput) of the i<iil rF. 

122 ImprncticablUty of connecting tfie point D directly 
to the connecting rod. An ONaminution of Fig. 184 would suggest 
th<' pniciicabilily of taking ihe iiiniion of J) from soim* point on the 
connecting rod. thus (ibtaining a \ahe grar which is both a leversing 
and an expansion geai, the usi* ot ens’iitnc sIhmm-s .-it all. Try 

it, and then apply the cuiiditiuns ot the picvious article Thus, set 
out the Clank cucle, Fig 187, and .issuining some point on the con- 
111 ‘cting rod, tiiid the ptunts !{., and 7ii„ occiipU'd by this point when 
the Clank IS ri'HpecI i\<'l\ atOand l'S()d> -ires lii.s(Tt Vf,in 0,.and 
through Oj draw a liii<' OiX, at iiglil augli s to the line ot sliuku of the 

2 
ji 
V 
J 
la 


Fig. 137. Oitiioi'iiY FrmT OF Tiir Link HJ 

piston. Then lake any pfunt J on ihi.s line Tlum ./iio is the link 
corresponding with tlie eccenlMO rod 1)J of Fig 184, in the position 
when ^*0. JUt^ w the position of tin- link wh<*n 180 degrees. 
The point J must Ihen'l’ore eoincide wilh the axis ]V of the path, if 
the first condition of the ]irevions article is to be fulfilled; for only 
then can the ]iath be nuned from one ex.treme position to the other 
without moving the valve If the second condifion is to be fulfilled, J 
f must also maik thi' mid-tivivel of the end of the Jink JR^, Mark off J, 
and J^, the d<‘nd points of ./’s motion, and it will he seen at once that 
the n'alisatioii of the smuid condition is inqsissiblc. , 
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123. Brown geart This is shnv^n in 188, as u])])licd u 
Swiss locxt^iiutive. The connecting rod drives tlio crank|through the 
rocking lever GHL And wiih the gear shown, it is possihlo to connect 
the point D of the lever VJI> to a ])oint on llie lmv<T connecting rod IK 
so that the two condituois oj Aiiich' 121 m.iv 1 m‘ ii|»]tn>\ininlel\ satiHfit*d. 
In gears of this l\po, th»‘«‘h <•( of ilu- ohlnjmtv of ilievahorod on the 
{iKUemenl of the \,i!\e, m.i\ he .jpjut>\miatel\ coiircii'd h\ <*auHing the 
point J to move m a |).\lh striek with a i.uhus djiial to l)ie haigth 
of tlr* valve r'sl its.-|f A chaiacteiistie fe.Umo ol Ihown’s gear is the 
use of a s\sl<-iii (»i coiiipinind ](‘\eis to guide J m an approximately 
ciicul.ir p.ith ol laige i.idnis, lor tin jMuposo <if collecting tli<‘ oh!i<|ii?ty 
of the valve rod. wlnKl the levels iliemsch»s aie sliort The airange- 
meat is cleail) sliown m Kig j:^.s A ti inie whitli ran he luiiied about 



a fixed AMS ir. rariies twt) H\(‘d ceiitw.s at n and c re«vpecti\ely. The 
link (lb vibrates alxnit tlie centre a, guiding the point 6 in the are of a 
circle A slide is (•<-nlied at c through which Ilu* <’nd of the lever Jb is 
tree to move The motion is in fact geometiK'allv tin* same as that of tho 
oscillating c^limler engim*. nb lM*ing the crank, .md cb the cvlnid<‘r and 
jiiston i«sl. hut the piston nsl is pnMlucjnl l(» J”. properly choosing 
the projKirtioiis, the fsuiit J may be constiaiiu d to move in a curve 
whose curvature is ajijnoxniiatcl} constant By choosing the proportions 
so that tho curve lavs a radius eipial to the length <»f the vAlve ixmI the 
obliquity erriirH of the valvi* nsl may be appruxinntely correetwl*. 

Many examphvs of this gear may be seen on the locomotivoi* m 
Switzerland, to whie^ eoiinti^ the use of llie gear hits bei'ii priiici|ially 
confined. ^ ^ 

* For fdrtber lUaiitratioti of th« Brown and hiHloricoI not«a in oonnootion 
tbertwitb, ioe a p^r bjr Otto Oruog«r, pobhuhed in Engineering, Jau 1*5, IbM. 
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124 Joy gear. In I87J>, spetifiiMiion Nu. Mr Dsivid Joy 
a ^-ar w<iik«-(l fi"in ih»* conncclini^ nxl The point J), Fig. 139, 
I^ connootcd to a lover /iVS', li being jnnii'Ml to the connecting rod itself, 
ami ^ lioijig gunlt d along tin* line With this sinangenieiit it is 

possibh' to olioosr flio ]»«'iiit iti su<‘h !i ])osiiioti along the link RS 
that llio two (omliiiori^. <i)’ Aiiioli- I21 inawbo ‘'Jinultanooiis.U sutisticd. 
The ua) to (•ho "'50 tlih jioiiif will bo shown in Aitido 129. 

Qtto _ Qo R 

0 

Fig. 139. ( 'OIMUCIIOS OK ’Mil (IHI.Il/l'ITV El HJT OF DJ irt HIB 
iNiuoou no\ OF TIN, Link /’.y 

This gear fonnod I hr snliircj, of a papoi oommunicated (o the 
fostitute ot Moolunioal Engiiirri.s at the Eanow mooting tn 1880, 
at which Mr F. W. Wobh ovlubitoi) a London and Xoilli Western 
six coupled goo<b oiigim-, i vlindois IS" iliaineter x 24>'' stiob*, fitted 
with the goal. Sidisc(|ucntl\. llu“ gear w’.is iNod <‘\tonsi\rl\ on the 
London ami Noilh WosIomi H.iilwa\,m‘ail\ the wludi* ol the ooni|siund 
locormitivi'M l)ring titlnl with it It w.i-' used to '-^nmo o'ctent on the 
Great Easlnn Kaihva\,l>\ MrT \V. WoimIoII, and to a nmoh gu’ator 
extent mi the North Kas|<-jn U.idwav Mi Aspiimll has in(i<Mliicod tlx' 
gear on llio Lanc.ishiio and Yojkslnie Kailway, .iml Fig 14t» .sliows 
the gear a]ipli<-d to a tom cmipleil e\]no.vs engine, belonging to the 
Lanoashiie and Voll^^llNo Kailwav 

It will he seen that the ISO dogrro component of the valve 
displacement is oluaiiied hom the lover FJfh the lowiTeml receiving 
a horizont-al movi uient tioni a link jointed to the connecting rod 
at R, and to a ladms rod at R. The object of the imlius Kxi FS is 
to guide tko lo\v<*r end ol RJ)S as nearlv as may be in a vertical 
straight line 

The lover IVy> must be so projiortioned, that considering the 
point J to he a fulciiim, at rest, the end D ri'eei^e.s such a honzonUl 
movement, that the jnunt V nujvea a distance eepm! to the lap phis 
^he load, to the left or to the right of its central jsV^ilion. The fulcrum 
J must also he placed lM*tween the points V and D in order to secure 
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tlic r(!V<‘tHiil of th4‘ nnjvomont of V with regard to the movement 
of tlio j)om^ I). Thus the jKJint V ci»nuuimicates a motion to Y, so 
that y moves as though it v\ei<* <’onnef*le(l to nu ecrentnc milk having 
180 4h'gi’eeh .iiigiil.il advunee, and a i.idiuH oqu.il to the lap plus the 
lead 

The 00 degiee Component of (he moifKin is obtained by guiding 
tlie piint .All) a ii\4’d ini lined path, which w ceiilied at ligand 
wlimh iH ciiivod t4» llu* Kulius of the v.ilve lod VY. The piojectmii 4>f 
./’« motion 4111 tin- line of btiok«‘, multipln-d by tin* ratio VD JD, is 
the value of tin* IH) il< gree (lunponeiit. Tin- multiplication b\ tiic ratio 
Vlf/JJ) IS neci^siiv, liecaiisf, so far as the motion of V is mfliunced 
by the Hluling ol J in the ineliiied path, tlu' lever mav he supp4ised to 
mo\4* with the end I) alv\.i\>. in a vi-itie.d .sliaiglit iiiu', so llial J> is a 
fuleium aliout wliK'h tin* U‘\v\ is tiiiiiing 

When the ciank angh- is 0 4ii ISl) i|i'gre<'s tin- pi«ij<'<lion of ./’s 
motion is Zero, ami wlmi llu' crank is at 00 digiees 4.)r 270 (k-gii’cs, 
the priiji'etmn is in tin* m ighbuiulmod tit .i iii.iMimim 

Hence the piojecte4l mt4ion of ,/, ctunhineil with tin* nittlmn which 
Y reei'ivefl titan the Imn/ontal iiMivement of the point V, t4»g4*thiT 
give a dis])la4'ement to (he valvt', vvlueli is huitahle for distnbuting tho 
steam. 

The m.ignitiidi' ot th4' 00 ilegiee etini[itinent is ch.ingt d by elianglng 
tho inelinahtiii ot the ]*.ith FT aiel tin- change in the irndmation is 
tnmb', just as in (la- Ha'k\\4alb gear, hy ine.ins itt a rod, oonnecteil 
with a reversing whi'cl ot the usual t\*jM‘ WIkui tin* Tcva-rsing vvlu’cl is 
turnisl into the posumn when' it hobU tin* jiatli PI\ st) that a tangent 
to it at W 18 viTlical, th»‘ 00 degiei’ ciunjKUU'nt of the netnon is 
ami the app-imliis is in “ mid-geai ” ./ smij)ly slub's u]> and down in 
the path without moving Y, ami the onlv motion K reci'ivi's i.s that 
from the hon/.ont.il movc'nu'nt 4»f abi*ut the lulcimn J. 

Tho sign of tlu' OO ih'gn'o (.omjiom’nt is eh.inged by changing 
the inclination 4»t the |Hitli FI* Inmi lUie .sale to the otluT of the 
mid-positu)n. 

The conditmn (hat the hud .shall nmuin const mt fos all dtgreos 
of cxpimshm is luIHlled it the |)omt J cuim ales with the p4.»mt IT, the 
fixed axis of the ]mth FF, whc'ii tla' cnink o4xupics either the zero 
or 180 degn'e iwsitions. Then, and then only, may tho path FP be 
turned about its axis IT, fioiu one extreme inclination to the other, 
without moving tho valve. 

The fnlfihmmt of this condition cannot alwo^-g be realised exactly 
when tho gt*ar is fitted to a lotsmiolive, e.sjx'cially one of the tank 
ongino class, because the variation m weight of tho e iginc, due to tho 
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^fnulual C(>n8innj»lit)n Aul and wator. allows thi‘ fratno to rise slightly 
on the sprifigH, carrying with it tin* n'tw U', without any cfin sponding 
movement of the crunk axle. (\»nM‘(pi<*nfl\, when sin-h movcm(‘nt 
tukea place, the points J and IV ilo not c(»inri<le when (lie crank is 
either in the zoio or the 180 degire pusitnm. 

The arningeinc-nt <»l the gear shown in Fig 140 is that which is 
applied to soino 7' 8 ' tmir emiphsl evpiess p.iss< ngoi engineh on the 
Louca&lme and Yurkslure luulw.iy. 



Fig. 141. .To\ Val\k Gi \u 


TiK 141 shows (he gear aj)pli< d (o a inarirn- « ngitie, whi re a radius 
rtsl JL IS n.seil to guide J in I lx* p.i(h PP. 'I he i’nlin.i(ion ot the 
ji.ith IS cliaii;jrcl by changing (ho posjiicii ol tlu" i.uiliu L. 


125 Joy gear continued. Displacement curves for the 
gear shown in Fig. 140. Hi le the vanal-le (juantitv ti, which 
has hitheilo been used to dofme (he liirtmTit wiiings <4 the g'*ars 
examined, is replacil'li h\ a eiiiis(ant k, winch deJines (he angle made 
by the path PP wgh Us niid-]»osifi4in ^ 

Defining this constant more aeciira(ely, h-t n tang<‘nt to the |>ath 
PP.&i the poeit IF, when the path is in mid gear, be conRidered the 
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Z4'io {H>Mjti(in F/'t K ui>w Ik.‘ (infinod us the nn^te which the tau^nt 
to the path .ft It', makw with the zonj ponition, Feeing reckorfed posilivc 
wh('n the arigh' is lueasun'd tu the left of the zero position and negative 
when inejisun'*! to the right A little eonsidcmtutfi will show that v^th 
this definition of th<' sign, .i positive value of k corresponds to positive 
rotation, alwavs assuming that the Kt('ani is admitted at the outside 
of the val\\; 

Displaeenieiil ciiiveH eoin'sponding to \alne%of/f, 

14J. 7r. 0, -14i, -2li^ 

are shown in Kig U2. It will lx- ohseiveil that the eommon vortical 
axis is plaeed to seciiie eipialily ot lead in (he two ejelea, and that the 
load is constant. The piston displaeeim'iit eiirvc' is added, and also the 
lap liiieM, ihiis i:onv<‘iliiig llu' (hawing into u valve diagiam for the 
geai. 

126. Joy gear continued. The drawing of the displacement 

curves. The geai .should he dr.iwii in the eonfiginatioii corresponding 
to, at least, 24 eipinlist.uit crank posiiniiis in older to find the corre¬ 
sponding positauis ol the valve It i«. nceessaiy lo set the gear out 
full size m oiih'i’to (»))l.iin iIk* aceuiw} re(piiied in pmctice This is 
a somewhat tioul>lesnme proce.ss, an<l it is geiK-i.illy moie expeditious 
to make a light iiKsiel of the geai in wood.aiid (<• iim- it joi (he pnrpo',o 
of finding the position <»f I', foi a series of ei.nik angles, by direct 
measurement, thus ohiaining dat.i toi llu‘ di.iwiitg ot the displacement 
curves. 

Then' is a way, Innvever, in whieh, In llie use of teinjdates all the 
rods of the ge.i! may hi* ‘'suppu-sved,” juid the p.itlis of ditfen'iit ponit.a 
m the giai mav he iliavvn, without using the actual centres or lengths 
of the links at all. so tlmt all (he point ])alhs, iK'cess,iry to tho 
solution of Ihfi piohlem of locating IIk' v.lKc f(»r a given crank position, 
may bo dmun gion[)ed about a eciitn', and thus all the w'ork may bo 
done on a iv.isonalil<' sized sheet i>f p.ipei The method will be given 
in ihnail, hecanse il mav be applied gener.illv to manv similar jaoblema, 
and tho woiking out i>f the Jo\ geai liy its im'an.s tbeieforolnay be con- 
sideiXHl as a paiticnlar application of a general method of great utility. 

Tho method dipends upon the following Theorems A particular 
application <4*Theorem 1 Inus been given ulie.wly in AitJcle 35. 

127. Theorem 1*. Fig 143 If the r*.'spective |)atha of two 
joints, P and Q. of a rigid link, be given, and if fsiie path be displaced 

* Due to MNf t'ostv uiul ^^allll{nlt, Tiaitf Ihfon^uf rt Pratique d<$ Maehiua A 
Vujicw <iM it« rue «t.' /a Daudry A Cie, Pans, ItfsC.* 
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Yalrfu and Voire Gear MeeJianimri [cit. 

« ilisUiict' PQ, ]i.inillel to any fixwl (lirt'ctidii, nirreaijonding jxwitinnii of 
P and y in their reapcctive paths may be projected, the me from the 
other, by a teinplnto, shaped, so that one isige is circular and of radius 
PQ whilst aiiothiT edge is a radius of (hat ciicle- and placed so that 
when the corner of the template is on the displaced path, the curved 
edge piws’s through the given jiosilion oi the oilier path, whilst the 
straight wdi.d edge is poiallel to I he dneclioii of disjilacenient, and is 
jsiiliting 111 the direet'en of the true position ot the path on which the 
comer ol the sipiaie is pl.ued. 



Fig. 143. Lo<’ATIS(! (’ORltl.spoNUINC VfUM'd ON ^)|^W \rBl) PaIITS 

Froof Li't Q Ih' two iHnntv on tin- link whose respective 
paths an' Ppp ami (//y l*rl /\ ho any ^n\on position <m the juith 
oiP. Till* ooiTi'sponihni^' |Hisition of Q ju its patl. is found hy drawing 
an iXK, with ladius P(^. from P, as contro, cutting Q's path m Q^. 
vSnp|MiM' tlie path Qipi to Ih) mo\cd jtar.illel to XX, and through a 
disUince ispial to i^P. 
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Considerinjf the point Q,, its new position will be Q., QiQt h‘ing 
equal .to QP^and panillcl to A'A'. But Q,(^j is wpml to There¬ 
fore the points P, and y, lie on the arc of a cnvlo diawn Irom ns 
centre. 

Clearly the position Q., in tin* displaerd path, may be fivod by 
using the set squaie iiidieatvd by hlnuling iii tlf* iignte, it is 

shown both shajieil and placaai .us ri'ijinn-d by the tliforun. 

The pn*>r is tru'* h*r every p-ur <d* eoMt'-jnuHlmg on tin* 

paths. Hence the the<.rfiii. 

CoroUt/ry. If the path <tf (J i.s di‘'jil.if*-d. pat.dh 1 |o A A', a distance 
QC, and the juth <d P, pat.dh‘1 to A’A’, a dMain'e /'t', then, it the 
algebraic sum of the tv\i» displaetniients is (‘«pi.d to an arc of 
radius equal to \siil still juw thiuu^h a pan ol coiicsjjonding 
pisitiuns 

It will 1)0 notir«'(l that om' of tie* points, <J . is tl\.'d ]i\ fljr r<iuier 
of the tempi.lie In ai'tu.d woik il js lathei awkwaid t" hx-ati* a 
point in this way ami it will b«‘ loiiml rimn- conveni'-nt I" maki- a 
templab* of the kind alriMch d.‘seid"'d in Aiinh- d.') Xu dilln idty 
will Ini found in apjdung tin- piiUMplos ol ih'* th<‘->niji with u 
template or eutie su shaped Another s\a\ is to ilr.iw a euive of 
radius Py on a sheot ot s<pijvr<‘d tr.icing jMpiT Tlte lines of the 
pujier enablo the «-ur\e to bo pkeod on tin* pallis <pnoKl\ ami con¬ 
veniently Ho that tin* rorrespotnlmg positions ol two jioinls on the 
paths may lie pnekid tliioiioh. 

This Theorem was <-\lemh d by MM (’osto and M.iniqiiet to find Iho 
|) 08 ition ol aiu point on the link loialnolv to tin* <lisp!aeod p.ithn, tin- 
locuH of this point boHig ot course tin- displaeeil ])ojn('path. The 
following form ot this (Alj-iision ol the Theoiem, whnh is simplfi and 
more qiiickl) .ippln-d, i.s duo to Mr An-lnbald Sliaip. 

Theorem 3*. If the displaeeil piths of tw'o points P, of a 
rigid link, lie given (tht* paths having lu-en displaerd ndatue to one 
another a disUncc P(^, in a direction jiamllel to a fi\(*d dire* tion A'A”), 
and a sctics of corn'sjionding j»oints on (hem be jome<] by straight lincH 
Pj?ji /> 39 'o Pt^i, <‘tc , then, if each of theM* straight lines be divided 
at Cl, Cj, Cj,^ets', in the sann* proportion that a punt (’ ilividoH the 
straight bne 7^Q, a curve drawn through the punts Cj, c^, c„ ete, in the 
a distance CP, relatively to the pith 1\ in a 

* Bee ui article by Mr Archibald Sharp, «ho applii^ tin m to draw ttif* point pftthl’of 
Mreral mechanistDc, uicladmg a Joy gear, lu an ariictc in Lugnn enn^, Apnl 6, 
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jwint-piith of C', (liH|)lacc<l 
direction parallel to A'.t. 


D. V. 
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Let the circle nnd the (hilteil curve, Fir. 14+, by the given pnth.-> 
wbirh luuf U'vn disiilaci'.l a (iiM.uifO PQ n-Iatholy to one another, in a 
(hn-dion ]iarall< 1 to A'.V Di-'placv the ilolted |nith through a diBtance 
equal to PQ, fo XX, in the revei*se diu-etion to the original 

displaecincnt Thou the two paihs will he placed in the same relative 
p..sitiun with legaid lo each other wliieh tlu-y actually occupy m 
till* n)ee^aMi''Mi. and in tins jio'>ilh)n the distaui'e In'twoon (‘aeh jiair 
of I'nriosjMiuduig jioiiit'' on the piiths is cunslaiit, and eijual to PQ, the 
length ot the link * 

Let/), y he a pan of e<»ni-'ponding points on fhe.iefn.d jwiths, and 
let f/ he the eoih-'-poiidllig position ot I’l llie displ.ieed [latll. Join jUjl 
an<i take a point o bo that 



Pig. 14.4. (Ii\is TWO OiscMcrn Paths, to mvu tiik'JMsci.U'ed Pith 
or \ Tiimn Point on -ihk lasK 


Then the theorem is jinaed if it can he shown th.it t'e is eijual to 
()i, uiul that Pc is pai.illel to AW 

Since c anil V divide the sule*’* p<j and pQ of the triangle pQq in 
the bamc pro|H)itiou, Cc is paralh-l to t// Hence (he tiiangles pf'c 
aiul pQfj an* similar, and theiefoie. h\ the'teiins of the theorem, 
py is equal to Qij and p(’ is <-qual to Cc. Also hince Cc is p.irallel to 
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It in |)amlle] to XX. Hence the throroni It nmy be notic«'(J 
that the theorem is true it the |)«tint C is tak«‘n in 

Then of course c inuM Ik* t.jk<-n m qp jjnxluoed. 

The theiUi'iu may l)e e.\t«iuie<i to inelu(l<* the case uhen* C is 
taken anywhere in the link. C is then to he lee.utk-d a.s tho ajx*x of a 
triangle of uhich VQ is th'- Imso. TIu* eonrs|Hiu<linj,' })"sition i>t c, 
in the ^li-'placed path is fi\»‘<) by tie* ujh'\ ol a Inanijle, wIiom* has« is /></. 
ami wlmh is smiilar to tin* Inanole 

lly naans of tii's*- two tlieoieiiis, all tli<- point paths ie(pnieil m 
the iletoiniinatinn ef c.iriespniHhni^ positions of the cr.iiik .iinl (ho valve 
may hr eiuMh toiiiHl in anv tvpe of valve 

.Statnij; an evainplo tuim.ilh . oivi-n ih* <liiiu tisioiis ot tin-Joy ^ear 
Fi^. J4o, iind tin 24 p**sitiuns <»t tin valvo ili.il is ,if tin- ptunt F, 
eorit‘sp()n<lm^ to *'|nnlisl.int « rank ]iosiiI m-Iuii* jaoeeedinji to 
applv tin hietli'»d to lie n.lln lull.lotiiplal-s must hopnj»an'<l, 
tin* gfiioial s}m[»' h'my •'iitiilai u. tin i.iiiplal* ''hown iti Fiy 28. 

1 lompLii.. 74" ladiiis, |.»i stipjjri '•siuii ui t In-. .>iin> ct iiig i,k1. 

1 teinplal', 20' la'hns. |ui tin '^llppress|oIl <i| ih.- i.,.] //.s’ 

1 fciMplate, 48V ladnis, loi 1 1n siippi. vsi.ai of (he lod VF 
] I- mplato 2<)j';, ' 1 nlius. tui tin- suppress,!. ,n of the i.xi )’,//>. 

fir Applviiij lli< (oi.illuv to Tli«oiini (1). disphns* the 
eiieid.ir path ol the ci.tnk pin a <ii>'ian(( l\ !t along lln* line 
of hlrok«, .ind ill. s|i.irt;lil {nith of lln* tiossluad a ilisianee 
along till- liin* of sti<»ko Th*- whole i<-l.uive displaemionl in tin* 
dinriioii of (h.- Inn* of suoko is thus e.jual to 74", tin* length 
of tin eoiin. . tiny |.m|. .md tho ]>llh of llniefole heeninoH the 
di.iiui let of ill. Marik pin eiief, ulmh Miiiieides with tin* inn* of 
stroke piiMlin.r], as mdji it..! m Fjg 14<i J)i\ide tin- ein-)e into 
24 (.(pinlistant crank p..'>iliniis, and |)io].ct lliem h\ (he pioper 
eiiived template <»ii to the j.ath of Q Thn-, pornt. k is sliown 
[»n»)e) ted to ])oinr q ]»V (he dotti'd eulve 

(2) Apply Tin i.It 111 (2) to find lie path "f R ronsidei the 
cnink position No fl. ainl l<ltii*«lA .loin A to the < oiresponding 
position of ty, ami tuL** tin* p<iint r so that 

kr rv = A7/-//f2 = 4'» 2"> 

Then r is a point trn tin path of R. Uepiaf the »*onslrin tion for 
correspondingly n^imheied points, ami sketch in the jrath of H. 

(.8) Now fi\ the attention upon tin* imk RI)S The path , 
of R 18 kn<iwn ifnd .dso tin* 24 |x.jnis ori it <'orrehponding to 
the 24 o<juuJiKtant crank |K>sitn»nH Jt jw n<piiic<J t«; find the 

17-2 
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* f 

corrc^jMiiHlin^^ series of points on the path of S. Applying Theo¬ 
rem (1), (lispbvco tlie path of 5 vertically through a distance equal 
to HR It a Mi*lK’al line he drawn thniugh the fixed point F, Fig. 
14o,and a p"iiit / )>«• taken abuse it, so that//'is equal to the length 



Jov Obcr. Point Pvtiis op ^ikak siio'Sn in Fin HO. tuk niMEsaioNe 
0» WltlCll ARK OIVKN IS FiO 140. ^ 
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of the link 5R, an arc struck from f as centre with nidios FS^ 
will represent the jmth of S, displaced vertn*nlly, through a<lifitanc6 
R8. Then with the proj)er t(‘inj)lat<*, pioject the 24 points from 
the path of R on to the jsith of S. Tlu* punt r is shown hu 
projecU*d to s. (The jioMtious ot ihr other punts on S an* ••imtted 
to avoid confusion.) 

(4) Apply TheoiTDi (2) to find the pith of D {’onsidering 
the pair of points r and a, coiii-spomlmg No Jf position, join 
them, and take thi* punt d so that 

srf dr = Sh ;>/»*= I2J' 7J" 

Then d is a [nunt <in tin- jmth of h ltepe.it the conslrnction for 
corie''p»n<lii)gl} ntunheied punts and sketch in flu* path of I). 

(5) Consider now the link VJD The ]iath of /> is known nnil 

24 positions in ir The ]i.ath <»l d is known ulnn a jiuitieular 
value of K is ^ni-n It is uspiin d to hud ihe 21 positions on tho 
path of ./ coin spunliiio lo the 24 [msitions on /^, and .iKo to find 
the path of 1’^ and Ihe 24 eiuh spiuidin^ po-xiiiniis ju it Applying 
Tiieoieiii 11). the path of./ Is to he dispLu . d \*‘iii« ally dowiiwanlB, 
with leif.ud to tin* path of />, thioiioh a disi.uice ,f]). Jhit D has 
nlrea^h heiui <lisphiei-d iipw.uds a <hslaiin‘ JtR Thdefon* J iinwt 
]»o displ.e I d downwaids ihiuiigh a disi.uiei* JI) — DU - fhiis 

hnilglllLf tho eelltK' II on t«> the eenfl* of the l‘|jc‘le Lot 

Then, <h.iw tho ]),ith us indi'.iled and using the juopor toinplate, 
propet the nuiiihoHd points on iho path ot Dxa tlie path of J, 
The jnunl d IS shown so piojeelod to j 

(d) A]ip!y Tiioori in (2) to find Iho path of V CfUiHidennjj; 
olio pan of pointvS d ami y, pnKlu' i tlio line dj to r, taking v hi 
that 

d, jv=i).i ./r=- 20 ,v' ‘-'ir 

Rejieat tho proce.sa j«ir eoiie.sp'*ndingl\ nuiuheied points and 
sketcli in the path of r. 

(7) Since tho path of V has hn n diHjd.aced vertieully down¬ 
wards llinuigh a distnneo J)V-^Ji]) . IdJ incfu-.s, flu* jiath of 
1' huH Come doiin with it tliiough tho hame veilieal dihlunec, 
conf4eM|uently the pith of }’ is IJ irieln*'} lx low the centic hue. 
Now, applying ^iieon-m <1), displmo tho j^ith of T horizontally 
through a di.stuii^e equal to IT, and using tin* proper Uuiipiato* 
project the 24 pisitions iiom the juith of Tuu to it. The point if 
IS »hown s<» projected. 
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ThiH, 24 positioU'i of the \ulv(* are knouri f'H* 24 (‘(pinliHUnt crank 
jmjfli's, .in<l,tlicrcioic the coin spunding (lispljRvmont cuive*cau ut once 
In* set (lilt. 



rig, 147. .Inv flFAii. Paths of Point, V. Fio 145. 

. A soincwliiil mi>io cmni'iiii'iit win of ftettiiYj the luksition". of F, 
/I'om the jwth of 1', is to ilmw iin iiix-, ni(h radius IT, through the 
jKiiiit J’, construeting what is called a "big end basu” in Article 37. 
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Then, the horiw)ntal dwtAnee between any jinmt <iii (he path of I' and 
this arc, is the corre«!|>»indinjj ilispl ireiaent of the \al\e ^ 

Fig. 147 shows the jmths of V eoriespojnling to the values <»f k 
already specified. The arc HH ri‘}>resenls iln- “big end Inlso,'’ so that 
the hori^tmtal diMtanoe from this enue to an} of the numbered |)oints 
on the p.iths gi\es at on<v Ine di''pj.ireim nt of the \al\e for tlu‘ MiliU' 
of to which the p.ilh laun''poials, when (he ciauk iH’cujiieH the 
correspondingly numbeied posjtion 


128. Joy gear continued. Approximate theory. Fig 145 

Neghrting (lie <d>li(|Ult\ 'd the n.imi < llMg lod, the Imii/ont il disjil.ice* 
uieiit fiom the u nti il position «d e\ei\ point oil tlie iml isgueii by 

(tie cos 0. 


'Phw in then foie the lioii/oiil.d ilnpl.e < nieiit of tin piniit It from 
it‘S ca'iiti.il positum 

Agam. tin-)ioint N iiii\ be ossihumI to mn\e i?j a niiIumI straight 
Inn-wilhtiut intio'liH mg''Hisible eiioi, so tli.U (he lion/oiilal dis|d.u‘(>- 
lUellb <d the point It tlolll Its celltial position mulllplled b} tile latlO 
Its, is th( hoii/oinal disjilait iie nt o( h 
The len I DJV ndiuis the hoii/r«nt:il displ.iceinent ol P in the 
ratio r./ .//k''O that ImalK. tlie leu i/.oiiial ihsplac-eiiu nt ol F jiom its 
(.eiitial j)osiiiojj, wh( 11 ihi path /’/' is \ i ilu .il. IS given .ippiovimalely by 

- .n>.i;s .<*)• 


Tile minus sii;n is pn ti\« d !)■ e.iiise an irisp. i tion cif tin* diavsing of the 
gear ^sdl shou that the displn mim ul is l-Stl degn i-s fn>m aiigiilar 
agreeim-nt wilhtherMnk Tin-n-pit‘•t iits tin- IHOdi'gne l•om]»onenll 
of the motion of th'- \al\( in teims ot the < i.iiik angle and it is the 
aolual motion when tlu* pith is vertnal. lli.it ih to s'u.wlnn the iimtiun 
is put in mid-gear 

The magnitude of the 00 degna* eompouent d<‘]tends upon the 
movement of ./above and helow th<‘<*enli‘' O’, ol the path 7^7* With 
prcper projxirtions ol the links, the mid-posjhon ol (ins vertical dis¬ 
placement IS os in-aiU a.s possible at the jioinl IF The ikI'mI vertical 
distance of the p<unl H above (pr )»* hov the line ol stioke ui the piston 
lor a given value of the ciank angle S is 

X OK bin 0, 

and neglecting the oblicpiity of the roil J)J, this also gives the ajiprvixU 
mate vertical displacement of the (>oirit J, hoiii its coutial |xisitioii IF. 
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When the [Kith PP is inclined to the vertical * degrees, the 
horisontiil [jiojection of the dispkfement, on a horizontal tine through 
J, is theielore ii|ijiroxiiiiat('ly 


QU 


X 


OK sin 6 X tan V 


.( 2 ). 


i 

The actiinJ magnitude of the projection is iticieased in the ratio 
Ki) ■heeimse so lnr as this conijioiient is eonceiiied the,lever VJV 
is turning ahoiit the fuleniMi J> fleiice thff whole ilieplaeenieiit * 
is given ajiproviin.ilely by 


a' = 


VJ X /).s' X OK . 
'ViixAVS' 


VD X Qli X OK 
JDx QK 


t.mxsind 


.(3). 



Fig. 148. Joy Ceah Disios. 


The minus sign be!,at, ibe second teiin is to be used when the path 
IS inclined to till' I, ti of the M'iIic.iI thiough O', and the plus sign 
when it IS incline,1 h, tb,- light The l,,iiii,-i' [sisilion eoiresjionds to 
forward ge.ii. Ibaice toi the J,,v gear 


and 


t',/x /WxO/v' 
Jl) X fuS' 


,, . VI) X (jn X OK 
It ~ + — 

^ JDxQK 


tan * 



Using the dinn'iisioiis ot the Laiiciishire and Yoik-shire gear shown 
in Fig. 14."), tho evpressnin leduces to 


a' = - 11H4 cos 019 tan* lin d.....(6). 

, Giving * the lalue 21J di grees.mrresponding to fcill gear, the expression 
becomes 

ic = -1184cos0-1-97Bind ...f.(7> 
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When If *0, the mul-j^ear eonihtiun, 

. f . (H). 

The curves corresponilin^ to the oquntious (7) arnl (K) ah' shown 
by chain clots <»n the v.iKi* cha^i.uii. Kjtj 142 (’on»|Mrin|f these 
with the actual curves (he\ puiport, to represmt, the extent 
which the a[ipM»\]mak‘ tiieoi\ is iisi-lul may ))e estiiihi(<-(l. 

129 Design of the Joy gear. Tin- aeinnl desij^n of n gear 
is somewhat tent.itive, but (he tollowino nullioil will piobably be 
found iisetnl. 

(1) Find the eijuiv.deni »‘ecentrie lor ihe (Mil off, nmximuin 
opening', and lead desued, and (ohMilat/^' lie- values ot J and // 

(2) Set ort, anywhere* alon^' ihe iim <»l stioke, a distance RiRt, 

Fig 14'S, eijiial to the stroke (»| the piston lliseel /i, R. in 0, anci 
draw’ the peiprndu ii| u ('luiiisf a h n:;lli A’,.S' so that Uiu 

angle Is ]«ss than 4a degicos 

(.‘f) J)iaw the iiiM ot stKiki ol the valve ('V at a distance g 
above the line of stiuke «'l tin pisOiii The disiam i* • is settled m 
the* design ot the e\ luid« 1 

(4) Tlie po''ition (4 the p.iinf l>. and tin* p(jsilion of the fixed 
centic* ir, must now lie elio-eii !«> tultd the iw'(( (’(UiditionK of 
Aiticle 121, i(tL;etli('r With the (<uidition that the horizontAl 
motion ot I'. l'> eith('r side <4 the eeiitial position, iiiiisl bo etpial 
to A. the I<ip ])lus the lead 

If A IS tin* height (4’ U' aliove the line o( stroke, and y, is 
the v(*iiieal distance <4'A above the Inn* ol stioke when ihcj linicn 
ISU and J)JV an* on the Inn* ZZ, the luglnst (lositnai ol J above 
the line «4 stioke is 

y, - HU + />•/, 

and the lowest position «4 ./ when the (oimecting roil la below 
the centre line is 

— y, " ll/> + A/ 

The mean of these two vaho-s must he (Mpial to A, if the 
sec'ond Condition ot Ailiele 121 is to he tnllilled, tJiat l» 

A = l)J - HR 

Other e<|uatioi#i may b«* tonncMi, winch, combined with tho 
conditions already staU-d, enable the (position "f J) U> Iks loiitid by 
calculation, but the exjires'.ioiifi iK'conie so coinplicakd that they 
are not of j|auch practiejil use 



26 « 


Valves awl Valve (rear. Mechanism 

• 

Tho irtOHt convenn-nt wny to find i>, and at tho saine tune h, so 
that al),th<* naidunms an- satisfied, is by thi* following tentative 
graphira] nn'lhod First, set out a <list,uK'e al'’, equal to A, the lap 
plus the lead, on one or other side of tin* vertical ZZ, and on 
the line of stn»l\e of the \alv(* Then, draw RS in the position 
corresjxaiding to = 0 or ISO degiees, if,ike any point I) on the link 
RiS and join it to V, eiitting tie- \eilieal ZZ in the jioint./, thus 
fixing some \:iliie of/i. Then tiy it I)J-J>Ri = h. After a few 
Inals a [Mi.sition of /> will be found which does satisfy this 
coiidilloll,'fixing llieieliv llu propel value of h .ind the |x>sition of 
tin- fixed axm U’. which of (omse m the position of the gear used 
to find D, IS eomcideiif with ./ 

Thi-n, not only <l<'es tliw jiositioii of ]) satisfy the second 
condition of Ailiele 121, but it sUi^fies the othei conditions also, 
HO that the fixing of It is leally a (lueial ]M)im in the dcMgn of 
the geai, 

(o) (\dcii!.lie ?/, tile m:i\iiniini leitieal dist.ince of the joint 

of the ColilM ctllli; lod ul)o\e the line o| vlinke Itolil 

H ,Nt 

tan K \'I> 

H IS known fioiii {It A v.ilui' ot k is ( hoseii And tlie mtio JJJ to 
Vlt IS known Ihuii (1) 


fli) F.d< III.Me ihe disj.iiii'e 0/'* tiolu the lehitloil 


QR 


1/ X (,tl\ 

(tK 


in whiili 0}\ IS the Cl ink i.idiu^ .uid is the length of the con- 
Ileeling 1<m 1 Mils fixes (hr ]Hisilio1i ot the Neitu'.d ZZ\u lelallon to 
the Clank sli.itL bec.uise the dead points aie.it the dibtances Q/i 
ineasilleil t‘i the left of A’, .iiul Ji\ lespnliveK 


(7) The p*iuit./ It piesrnts, and coincides with, the f?\ed axis W, 
Fig l-f.v of the path RR S,‘lee( some siill.vble value lor the length 
of the valve lod I^F, diaw a line tlinnigh J Fig 14S,,parallel to 
the line of .stroke of the valve, and from a ccnlre C in this line and 
with i.ulius D', (haw an aic through / Thi^s are is the mid-gear 
position ot the centie of the radiUH link guiding J, when the gear 
' la arranged as shown in Fig 141 • 

A gear set out in this way will give atiproxmiately fhe distribution 
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fixed upon and the Iwwls (or lx»tli sti<»kcs will Im- ('■•inHiant Wliat the 
nctunl distllbiitiou bu r.iu or)l^ ])r fimiul bs tin* ju’t.iml 

dispbuviiirnt curves 

If found more r<jn\rrn«‘nt th«‘ link iim\ 1 h‘ n-jilart*d b} a link 
RD, tho jx>inl D Ix-ni^^ (‘oiun I'li <1 l" a irtnin i rank on tiu* iiiaiii cnink 

130 Reversing by the interchange of the steam and 

exhaust pipes. 'Du* ditbruu-** iiimiIo and oui''idi‘ steam 

a<iiiijssu>n liius .dh*.u!\ Im . n r\jj|.uni<l m Ailuh*-. Is and 43 With 
oulside Hteain .idnii*'**u>n, ilu* e"riilMC ^lu‘.i\f must lm\e an an^nilai 
adsaiiee ^nsitci lli.in !M) with insul« .ulinisviun the angular 

lag must 1 m- jess ill.til !)() tlegn t's Jt tin* .in;;iil.ii advance is less 
than })0 (legist's 111 tin- hist cas,- and tiu* aiimd.n l.n; is -^iratfr than 
IM) di-gret-s in tin* set <iiid < .e^t tlu' slid' \a!v''. i ll< < i a tlistnbiition 

o( sh-.im snilalfjf lur diiviiii^ the i 

Siijjposr, that in .111 I liltin' liih'd uidi a shdi \.d\e c.| ihi- (udinary 
l\jn‘, and an.linked tnr eMl'-ide sii.ini adnnsvinii, ili. si,am siij>|ilv is 
siiddeidv liiti i-hangi d with tiu ivIm'I''!, that is t,, va\. stiaiii Is 
eonveved (n*ni (he enL:iii' li\ ihe v|, ,j,j |,||m- and 'ejivev.-tl («> the 
<*ngine I liieiii^h I h* * 'liau-'i j*ij*e W h.il weuld li.ijt|» n ■' Ji (lu aiigulai 
advaiKeel lh« i ei . ntne shf.tvi were ^'■|<.llel than 'Ml deifj, cs the etleet 
til thi‘ (lianLi« Wiillhl be te sl.,|i t}j. in^jllie bee Ills, alter the oliange 

the aneulai adviiu- w->iild b<eintu' an mijul.ii l.ii: gieal«-i than 
IM) <], ^ 1,1 X,-Ml that tile eit'jiiu UMidd lu'i ntn li lu-wever (lu .ingular 
ailvaiie,' je |iis| !M) d. ji.is itlu \al\«' having lluht<»ie no steam 
1,1)1 and lu* lead b< mg jmssiblej (lie nit< I' Iiallg« i "IIM its the '10 <legtl‘es 
ang'dai .uivaiie, iiitn IM) d. gH • s uigiil ii lag 'Hu < iigine would (liete- 
loie lun in the oj»)i<isii.- dimltMii un the adn)is-«iuu of sicaiu tliieiijji 
llu’e\h<iiis( jii}ie In iieitliM e,is, h'lWtMr would ilu I ligtne be abb* 
to use s(<Mm * \jiaii''i\t 1\, and this is the ]uu e wliu li iim>t be ji.iid for 
tin.. nu n-a* ni tb- nu tlii>d. 

Thus, juoviding iImi tiu* angular adv-mee ,,t llu- ee,-, nine sheave 
is made IM) ii*‘gnes an < ugiiu* rua\ be nviivii bv s)t(i|ii\ ailiniding 
steam thioiigh (lie e\li nisi |,i|ie and ixliaiisimg throiigb Mie s|<‘am 
j)l)M.*. The <li*sign ot llu \ dve iiiu-( he sueli .w Will allow ,>( this 
change, he<‘ause W It h ll|s|de st,aill ,ldllllss|on the lUe^sUle f« tids to lift 
the valve off tin* lace, i lu I"Mii ot the v.ilv'■ miu ‘ he nuxlifi* <1 ae* oid- 
ingly. In ordei to inteiehange the (uiufuiiis ■,( tiu* two pijss they 
must Ik* comiecteil .i •l•ntIo|hng valve, itsi ]l ihsigfird on the same 
)»nnci|de as a sjule ^dve 'Du* .niang<'nu nt is diagiatnmalically illus^ 
tratod in Kig 140. The ends ot the two pipes, J and /i, are hiought 
together m thi»casing of the controlling valve, and fonmd into steam 
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a luiil h, jiren'srly as in the valve chest of a steam engine. 
Lying between these potts is .an exhaust passage E, leading directly 
into the exhaust pijic .Sie.aiu is bmiight to the controlling valve 
casing through the pi]s.’ .St, and a slide valve 0, of the usual type, is 
placed ovei the puls When the valve C iif moved downwards, the 
lidltom |sa't li, and theielure the pipe Ji leading to the central port 
of the eylyidei, is pi,iced in (•laiMiiaiiication with the exhaust pipe £, 
whilst at the s,niie lime the pipe A is in direct coiiiiiniiiication with 
the steam in the eiuiin.lliiig lalvo casing thiongh the open port a. 



Pig. 149. ItivHisM, in isrniciuM.r ok tiik Stimm avii Eviuvst I’lres 

DlAlllt.Mll 01 .slll,\M C'.NM.C'IIO.N.S l.S t i.M IIIMTIOX WlfU “IIU.NTI.SO Ol.AR 


With the eoliliolliiig MiUe in this posili.ui the engine.therefore runs 
with outside sle.im admission and linns so that the eccentric sheave 
is ill front of the crank. 

Siipiwse now, that the eonti'ollmg \,d\o is mined up; the pipe A 
is placed in eomnuinicalioii with the evhaiist poit E, and » »a) for the 
steam stippli is opened through the port b, and the pipe B, into the 
iiKsido of tho slide v.ilve V. The engine will therefore, inn in a 
dm'ctioii where the eccentric sheave is behind the crank, iHung in fact 
reversed. Hence the eiigino can bo revei-sod b^ ineady moving the 
valve C up or down. 

131. Steam ateeriDg gear. The combination of n "hunting gear" 
with this armngement results in a nseful and convenient mechauiem, 
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a mechanism which is to be fonnd on almost every sliip, namely the 
steam stee^ng gear. In the ordinary hand steering gear, a definite 
angular position of the niddor corres|)ondH to a definite angtilar jMWition 
of the sU'ering wheel Tho ohjeft «if the steam steering gear is to 
interpose* In'twoen the wherl .uni the niddei a inotnr, or iiieehanism, 
which will do tlie aet«ial work efeliauging the imlilias ]>n‘'itii)n without 
breaking the geotmtinal U'l.Uicui hetvse<‘ii tin- and llu* imMer. 

Coa<50<]iiertly iho man at tlie wln-rl h.i^ mcicly to eair\ out the 
steering o|M't.i(inn 5us if im «-ngine .-Mst. <1. with tins (lifliTenc-.- however, 
that ho can ste^T tlie st slop with as miii'h ‘vim* as he e.ni s|(‘i>i the 
smallest boat, ht eaiise l»i tw« m him and tin rudd* i is a sti-am t'ni'ino 
so connected ujt tliat it is olndiriii to the sllghl(‘^l tniii of (hi‘ wheel. 
It Works wlnKt lh<' wh<“<‘I is In ing tinin-d, it .slops wlnn the wheel 
stops, and slaits oiil\ wln n the wh-*! slaits to lie tuiiird In f.u't it 
follow'.s failhfullv o\« motion of the '■fis niig wh< <■!. soi’ininglv always 

tile loi*koiit to s.i\o tin* inusi !(••» ot tho sf<»isniati tjhnto a small 
stoenng winol is '•ii(li< i« lit to sin i with in this i.iso, hocaiise all tho 
woik tin* sitsTsman li.is to do is to o\rtroino tho sliohl fin’tion of 
eoitam iiioohanisiii connomd witii tin Lt'ai 

Uhe coioltin.itloti w shown in dia'^i.uinnai n* tomi in I'lg 14-*t The 
tiller rliains are wound on tin' diitm 7/, <uid this Ims a worm wlnsd 
nmunted with it, tin* womi wlirol In irio dtiioii })\ tin* woim IK, which 
iH connoclid dn<. tU or iiidiiooth wnh (In* ci.ink shall of the eiigim* 
belonging to the cilmd'i /. (loaiing wilh tin* wind II, is a Hinall 
wheel J, wlijoli loiiijs p:ut of a sioi\i' tiro to n*(ato in the fixed 
be.inng G ^lln* spmdlo 1^, opt-iiiting tho c«'n(ro]Iing lalu* (\ j»as.s(‘s 
througli this sK.,\,. ,.|ig:igmg with ii \>\ nn ans of a wsow thruu). Jin 
in fact a nut to tin* spmdh* Q Wlnn tin init J is ut n's|,a sligj^t 
turn of tin* spiinllo Q mo\oH tho \ iK.* up .■? down arnl si.uis iho ongine 
in one du( f*tloll (irtlu* other Ininn di.itoK tin* ononn* stalls, Ijowawor, 
the nut J l>ogins to rolato. ami in "o doing brings tin* valvo d back 
to Its ccntial jiositioii. .uni uiih-ss tin* sj.nidlo Q tunnsl at < \acil\ the 
same rate by hand, Jts tin* nut J is fuiin cl b\ tin oiignio, llnis holding 
the valvo f’ open, tin* cugim* will stop Jn an .ulu.t! steoimg gear 
the spindle Q is <*aii!ecf up and, liv moans of Im voI g*anng, brought 
on to the hrnlge m a position wlindi allows (he small si.i'niig wheel 
to be fixed in the usual fashion, n.uin 1\. so that n turns alcout a hori¬ 
zontal axis 

Figs. 150 and 1^1 show a h ilf st'cti’onal plan and half sectional 
elevation, of a pteeuiig ongiiu' mado b> .Mossj-s AIIo\ and Machdlanj 
Sentinel Works, Polmadn*. (Jhsg.iw, who have kindly ullowcsl the gear 
to be illustmto^ Tho figuus aiu lettered bimihrl) with Fig 149, In 




Fig. 151. 
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this case the slide valve V, of the steam engine, takea'the form of tKo 
main vaKe of a Mo\or valve ^^ear, an<l the Hltuiin |K>rts an* bnmght out 
to the si<ie ol th«‘ steam che'jt. T1 i(T<* is jjpjwreiitly oiJy one pijx* 
between the CMiitniIliiig valve and the '.ti.ini eln st, but. this pipe* w 
divided into s<‘j!.!r.ite ]i.iss,igo \va\s eDrit'spniulmg (i! A iin<l Ji of 
Fig 14!baml also etiufaiii's tin* sti am jiassage S and tin* exhau.st passage 
E, the Hango.s for the eoim-elnin <*1 the '‘liain and r\hau>t pija's 
lM*ing seen in the ti^nn* Tin* fonti.iilmg \aKe i\ Fig loO, is nudt* 
in the form of a pi>isiii \al\e hunting gear is ih-nlv sliowri in 

the figuie, the \.d\e (’ biuii:; fu!in>'l'd imliitilh to ilu* spin<lle 
through a looking l<'\er Jn tins iliusiialinn (In* eluini <iium I*' not. 
foniKsl with the WtUii! W li« el H lull I' gt ail d to It t hit High the jumoil P 

132 Crank angles from which an engine cannot be 

etarted. Wlu n the •'tnp sahf ctK ii"! ami stiani is lulmilted tu 
the sit am ehest of an t ngine wlih'h n at it<t, it lines not follow that* 
the ongme \m11 st.nl 'fho ei mk may ha\o sfoppit) m u posilmn 
whfii’ iho slido \ahf his t-nf .>tV ‘*tiaiii in wlieli « jm- hh sicum eaii 
get to eitliei t lid <»l the t\iintlii "iii-e ||u \al\e (o\iis b..fh steam 
jKUts ('oll^ldel lll-xt th' lase nj a •'lllgle e\lindei engine ()(\ 

Fig I')2 be the CMlik jio^i!|..n at tut oil, and the eiaiik jHt-.itif)n 
at .idnii'''ion WIuKt lie ii.ink luiiis ihiougb the angle C<h\, tlie 
shill* \.d\(* eoiiiplitih envir-, ilic si,..,m poih and im '.leani ean get 
mto (he evlimlei lb 111 .' jl tie- iiigiii' shoiilil s|.,p wnb jb,' crank 
anwNbtie wiihiii tie angle CUA, |]i< nnii* oj,. nmg ot the slup \al\e 
wdl not slait the ejigini Fuiilei wlun sleam is adnuMiil at tin* 
eiank jio-.itioii OJ, Ijn* pmton (.niiioi e\eil an • lb i ti\e timung moment 
tui tile eiank '^liaii in tie jio-'iliM <’ii > < I ion. mil il t he er.ink lias passfui 
thioiigh the ISO tl. gjM il. .nl jioiiii to a po-iie.n 0/». wlu-ie (he loiter 
tlm* It) tie pi* "Hie i.n llie ju-'ton i tii"! gnalei ih.in (he (oitpn* 
n'siHjing iiioimn at tie < i.ink shall 1 * t M be the i«ii<|ue iit tie* eiank 
shaft Against vliieh the i ngine is ii(|I|m<'] to •'lait, F (he foree along 
tin* eonm cling rotl ilue to the sti am pn '■'>ine, / the tr.tnk ratlnis, (hen, 
negh'cling tie oblepiitv ot tl^^iimiling ro'l Ihe luinmg mtuinmt 
exerteil b\ /’on the eiank is. sm ami t ie i* foft at si ai ting 

Ft "'ll d -- ,1/, 

fiom whi'h the \alut' of sni d <an In loiimt uheii F and M an* givi'li. 
Nonce, if the trank hle-iilil hajipeii to stop atiwshere in the sha<l(*(! 
angular region 00//gthe engiiii* will iioi stait wmn steam isluined on. 
Tho «\mo consitleratmns apply to tin* oihei < vtle. so th.il ^ ^ 

Rocoml angular regfon fiom whieh tin* eiank svill not start. TId* 
(iiagrain theieloiu sho\Ns that the i-iank must be luought to rest 
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somcwhorc in thf unshaded regions, if the engine is to start when 
the stop valve is opened. Lirge, single cylindored, engines a^e provided 
with n bari'fhg gear, 8(» that the engine ciank can be turned into a 
starting p<»'>ition In some types of bairing gear steam is turned into 
the main engitn-, and into llie .small engine <ij)enUing the gear, simul- 
tane<msly It the ciank is in a iion-staiting position, the engine is 
dii\en hMiml 1>\ ihe bailing engine, which iiMially op(*rates by a spur 
pinion 111 a Iriige spin wheel meorpoMUsl with, and forming part of, the 
IK wheel, nnli) .it a fa\om.ibIe n.ink posifinif (In' main engine begins 
to dthe the bariiiig <'ngine, but diieeth thus happens the barring 
engine tails out o| ge.n antomati'Mlly. 





\ 
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Fig. 152. “NnsSTMMlSo” CKWK AvOLLS 

If the vaUe b M-t, to gi\e .m ea’U eut otf il will be poroei\e<l from 
Fig. J.’)2. that tiu- sli.ulefl aiea will be etil.uni-d, ami the unshaded area 
nsluced, in angular dimeiMons, so that the lange of crunk 
from which the engine can he stalled b) the admissnnf of steam to 
the Hteam che^t is reduced. 

If th<' engine has two cranks at right angles, if ih<- one stops in a 
nou-hlaitiiig region, the olhei genenill) stnps m a sUirting petition, 
though not always. This is an im|Kirtant (piestum in nmnection with 
locomuti\e.s. Locomotives always have to be st-art-ed with a load on 
them, ainl the\ must ot coniNe be able to start w\th the full load, from 
Teat, on the 8tce|K*st giadient over which they are ivquireik to work. 




HaiUfd (rears 
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III thes^* (•irruin‘'fanr<‘s (h(‘ $ may U* «<» (hut (ho nti^lo i.'OH 

Wonios gioiitoi than a ri^,'ht aii^h*. If (hi.s should hapjs-n. ho(h rmnks 
may coiiio to rest wilhin tho shadod aioa and ihrii (In* ^n^uiu' would 
not stjirt. Ff)rlunati‘l\. (lu‘ slunlcd an*as fm the c»j>|Kt'*i(c diii'cfnui <ii 
nniiiing occupy difi'rnnt angular iMisjimns du (ho diaoiMin to (Inisi* 
shown in Fig 1 o2, (hat if '.In* *‘noipc is mo «•!>< <1, l hr * th <•! is (c» ]>i iiig 
orir of (hr Clanks into a st.ntiiiL,^ 10^1011 This |».iint may In- illuslMtrd 
hv un uctii.il r\.iiiij»lr ill <-oiiii. (iinii with lhi‘ \al\« cliarjam Fig H(j 
liy niraMiirmnit iMun (hr diagiain iln- lulhiwing m suits air dhl.iim <1 — 


For*; fiCiir it'osani* 1 >1 uixti of 11uni-) i luiik 

Illshdkr I\rh' Cutotl . . 124 <ii L|lri‘S. 


()utstr<*kr ( W |r ( 'll! <•(} 


■J't'S dt gM'rs 


l<.i'k yoar (ill itiu rot ill'D of < I ml,I 

IllslMiki C\i|r fill dll ... . - I’il di gM rs 

Olllstfukr uric f’lllutl . J'I7 ,1, ^1,., s 

Tlir nitnus sign |ii< I'mi d (<• lli' < i.uik iii_;!is<i| ih. Im k gi ai. iinMns, 

(hat tin anglr is (o hr iimmsumiI out . tin initial hnr in tlir 

clo( kwiso iliioi lion 

(‘iinlinin'4 Hill all'iitiofi al liisi (o !li< Im. go,u jios|||.,ijs .si i out. 
Fig l.W, f/f al I'JI- i|'0|irs with ihr iiiiiial Inir. .nid (JC, n 1 'JDS 
di’glrrs, hi'lh lit ili;^ liuMsiiMil mil of loiiisr in ihr tminfrl I’lorkwisr 
(lilrcliiin Thr )i"silimi "t (>//is iinl 1 as\ lolmi! Jt iii.i_\ |i'iwr\rr hr 
ralriikitid a(ntM'\iniaii l\ in tin loliowiiig w.i\ Tin- (nining inonicnt 
at ihi riank a\l' wlii'li nni't hi o\mi"mi luloir lltringnir will stall, 

IS ri|l|.li (o till- Idl.ll (l.lin I' sMt.ilir,', niulll]illi || into (hr J.hIiiis Ilf ihr 
diiMiig wlirrl Tlir lolal (i.tin It sisi.im < is m.idr ii|i *>f si m lal f.idnis 
I'lirsr air, thr (j.nn M'sMt liter Im'Iji I'si, till mii^iiir and (rndrr*^ 
resistainr (miIii n-st. thr Msisiaim- to lln gi.uin n( an<l smii'tmns 
a rc'^Ht.liter dilr lo a <-iii\r. Suji|)"si thr (ot.d ll.Uti iitid rjigllir 
ri'Miatance to Iw / jiaimls ]ni ton 'I'li'n (In s(,-'||iig M'sistaner fioin 
this cuilsr will hi 11/ pounds IF hi mg tlf gt"ss wi iglil in (riH "( 
(he (ram inrlmhng «nginr and imidi 1 if (In* iji'Iuk jh 1 in O', Uiu 
resistance m pounds, dm to it is 

IF X 2240 

O' 

• Hence, the total resimaner, ni gln ung thr riirvo rrsi-tanre ih rijuai 
to the snin of these two»qnantilirs. ami if is the ra<liiiH •»( fhrdiiving 
wheel, the torque which has to hr n\rrroinr to sl.itt (hr tram is 


D, V. 


1-3 
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( 

11 j) in the maximum steam pressure, and A the area of the cylinder 
in square inches, F, the force along the rod, is pA lbs. Jbe starting 
cundilh'ii IS then expiessed by 

pJrsin $ - 4V, 

from uhieh 



R\ wa\ of example suppose llu' tolul weight of engine, tender and 
train to be tons, anrl that the avei.ige stinting resistance is 15 lbs. 
j) 0 i bin. Let tlie tram be slanding on a gradient of 1 in 280, and 
suppose the engine cylinders aie 18 inches diainoter and 24 inches 
stioke, the Hteam p 1 e‘^snre being KiO lbs ])ers(puvre inch. Also let the 
ihametor ot I lie driving wln'els be 7 feet SubstituUng these values 
in the abov(‘ cipialmn it nMluees to 

sin^=s0b.>5, 

fuini \Nliich 0 -■ii) degices. 



rig. 153. No.v-Startino Crank Anolrs %iTn two Ckankb 
AT 00 l>b.l.KbM. 

In Fig ITiO Oli is .set out at 40 degrees beW the 180 degree dead 
point posiiinn, and Olti 40 degrees above the 0 degree dead point 
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position, thus marking <ifr tho two angular nun-starting sjxicos COH, 
and t\OHx, [ir th<* nistroke and outstroko cycl(‘fl ro8jH*ctiveIy. In each 
case the angle is grt'uter than JK) dogix'c.s and thercfon* the cranks niay 
come to rest in a position where it is nnpossihle to start the engine. 
The thick line repn*setits ono of thow* j>oMlionH ahere the clunks have 
Htop^KMj m the outatioke cyeh* K'gmn 

These nou-starting anus aie (T^s^-hatch^‘d with linc-s sloping at 
45 degrees 

The lines 0(0 and OO iepr(‘'«‘i*nt revp^'otivolv tlu' rnink ptksitions 
for cut otf wh<‘n the engine is roMOMtl. 0(5 and t;® heing the 
positions of the ci.uik wheie the e<»tun cling rod can c\<-il the neeessary 
starting couple The non-siaiting an*,is corre.s|s'ndiiig to these crank 
jMkSitions an* croas-hatcheil with MutUMl line.s 

It will be Keen at une<- Inun this <li.igiain that if the cr.inks stop 
in the position sfiown bi ih** thick hues, tic etiref of n*\« iMiig the 
engine is to bring the Inwti ci.ink iiitt* a stalling icgjon, the upjsT 
crank howesei slill icin.iiiiiiig in a iiori-slarting n'gioii 

In pnictice the etbet of the <li.n\-1>ar spniig-* is to iiimlifv the 
anguiai (liiiieiNions of tho di.igi.un in fa\oiii ot i.ishi si.uting 

In compound engiU' s, b«iiIoi slraiu is otiK adimltul to the high 
pressiiie st«Miii eli<*st and it the viilxe li,ip]»ens tt> close the pons the 
engine cannot start Stalling valves h i\e tlu'n foie to be titled either 
to admit sieaiii dueetly to the ofli< i ( \lni<h'is oi to the leceivcrs 
between tin* cvlindeis. The sli'ain in a leeeuti, fo? ct'itain ciank 
positions, IS m I’oimminK.itioi], lluoiigli the leHjH'Mive valves with two 
pistons, ami it <ictnig tt» diive (lie larger, appeals ;us a back jiressiiie 
on the smaller. The actual eflect is theiefoie that <Iiie to the leceiver 
pre.s.siu<*, nniltiplii d into the ililleieme ot tin- areas of the two jijstonjfc 
between which the receiver lies Then- m no dirticulfv in stinting 
marine engines uruh*! these conditions, because they ni'vei have lu 
start undiT a full load lint with locomotives the case is i-nlirely 
different. They must start under lull load and imist stait ]>romptly. 
When compound locomotives were first intriHlmed into this country the 
starting difficulty at once fon*ed itsidt to the front 

Oneexarnjile may Ik? given. Kig lot shows a diagi.uiimatic ws'tion 
through the C}lindc‘r8 ami starting valve of a Woi^l' II and »o*n Borries 
two cylindei compound loeomotivo The Ingh pie-sKU!'- cmnk is supposed 
to have come to rest m •>uch a iion-Hfarling pisjfjon, that the high 
pressure slide valve cofers both steam poits, but is open to the exhaust 
putt. Hence, when the regulator is opmed, no stoam can get into the • 
cyliniler In these circuinstaucc«, a small valve A is uts'iiisl by tho 
driver and steanr^ makes its way, through the reducing valve D, to the 

18—2 
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hIcMTri clii'sl Ilf the luw |iii'ssiiri’cj limliT. and, iishiniiing the liiwjirc vnro 
rrank In liiwn .i startinj' iidsitinn, and llicicfiirc niio of the jitnaiii purls 
(ijHMi, till' sir,nil will find il.s wav inlu Ihr cvlindrr and slait the rnj;inr 
f'rnni till' low pi'i'Hsiirr ii.iiik aluiir To prevent the sleam acting .is 
back pti'ssnir on tlir Ingii jnrv^iu,. piston, tin* \,d\o A* is cIo.s('d, bv the 
piston t', iininrdi.iU'i) llir i.dir .1 is op. iinl Vnj soon alter tile 


IP 



Fig, 154. in.n.iuM op I'liiMiMis. SIMM CosMi'riovs, isn ,';tiiitiso 
\ AHP \Vull.slitl,L A.Ml ION lliJUlllKS J'wo (.'il.lMiKK CoMl'OUlIU JajCO- 
MOI'llk. 


iliKine mines, steam is adinilled to the liigli piissiiie ejilindi i, and 
when release takes |il,i,'e, the sf.e.im, which at n-le.ise is at a higher 
|iressiire than ihe sli',uii m (he recenoi ]ii|ie, foiees open i‘he valve A' 
on Its way to the low piessuie eylindei, therein pushing the piston U 
liaek to the dotted iiositioii It, am' thus cuts oli' the steam to the 
low |ii'e.ssiiie eyliiider ,iutoiiiatie.dly, 

Ihe aclii.ii urrangeiiieiit ot st.iiting and intefRepting valves is shown 
ill b'lg 15j. 
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If it shiiulil ImjiiKTi that ihe low pri’ssuro ciiiiik 6tu|)H in a non- 
starting [Kwition as well as tho high picssuro orank, then' the engine 
must be revei-secl, bo that one or other crank is in a starting position 
for liackwaril nniTiing, il the high piesHiire, the engine will start when 
the regulator is opeiieil, if the low piessure the starting valve must be 
openeil as well as the regnl.iioi. - 

Foi Ijutln r leiii.uks regaitliiig the st.iitingof eotripnnnil loeoinotives, 
see an ailiele la the author, “The ile>elo|iineiit ol Compomi.l Ijocoino- 
tiies in Kngl.iiiil," Eiiijiiietiiii'i Mu^uzine, >Sept and Oct., IbW. 
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statical A\D DVXAMK’AL P|{()in.KMS 1\ ('ONXKrTION 
WITH THK Dl'MCX dl' A VAIAK dKAU. 

133 The general problem. Aftn the <'riitrr Iiin-s nf a p;mr 

ha\c Ihm'h found so thut tho \i\l\'«' may otlTrt tlu' (lislTtlniliou of 
<K-sirr(l, vaiioiis pioMciiis in oonnorlhm witli tlio incjlmiiUMl design 
of tlu* gi.‘ai have to la* sohod The fir-'t of ilu m- im to di'si^n tin* size of 

all the pms and jjiints so that the ^umi shall tun ..I, and tlu* second 

18 the <h‘Mon of the B<*v<Tal links so that tlu ro shall Im* no danger of 
bnakilown Both tiu'so prohhuns iiuohc an <'Mtniial«‘ of tlu* maximum 
forces which an* liKoly to como on the joints aral tlu* loads which tho 
links have to transmit from om* to the oiloT This oMimatc ig 
gi'iii'i.dly liascd upon soiiu* «ah*ulal<il \ahn* of tlu* fom* rcijiiired to 
overcome tlu* loMsiance of tin* steam valve to iiioljon. DaU in 
connoelion with sluh- valve* friction have* b(*on r-ited in Chapter II. 
When de'signing the ge'ar, the wholo unbalaiieejl snrfaee exjio.sed to tho 
action of the sUain bhould be miiltiplu'd into the inaxiunnn boiler 
pressjure to get the force pUHiiicing frictional lesiNtanoc bc*tween tho 
Biirfares of the valves and the ports, aiul tins ahould hi* multiplied by a 
suitable coet!i< lent of frwtion to find tlu* mavimum fnetional resifltance 
of the valve, t<i be us<hI in the design Assuming this f«)rct‘ to be 
known, the prt>blem n s<>lvt ;8 itsclt int<* the detejmin.ilion of the loads 
on the joints of the valve gear when tlu* fore(“ a'*ling along tho valve 
spindle 18 given ami the j>oint is 8 (>^‘cifii*d at which the gea** is driven. 

But uoA? a complicated question IfM'iijs in view When the engine 
is working 80 slowly that the aecel(*ration <»f the motion of the various 
links forming the g«ir is small, the forces acting at the joints of 
tbc links are not sensibly different from llu»se dm* to the ov« p*oining of 
the force at the \al?e spindle The problt*m in tins case is merely* 
a static one anj the solution is straighlforwaid and simple. 
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As the of the eiigin<3 incrcasoH, the forces which must act 
on the He\eral Imhs to accclcnite their motion increase japidly from 
n*g!i^(ible‘amounts, t<» ma^mitmles which render it imperative to 
omiMder them. At liigli speeds, in fivet, these accelerating forces are 
of paramount impoit.ince. mnl many hre.ikdiuvns have occurred through 
negli'i’ting to take (hem into airoiint The (lecidiarity of this problem 
IS (hat It cannot he snl\od directly A preliminary design of the geat 
niiisl hi' ni<ule based n[)on lli<- toieen aernig due to the estimated 
\nl\e resist,itiee, and upon expeiiein.', aiifl tin n eaeh link must Is' 
weighed, and its Inal'S eintie atid motiienl of iiieilia alioui, its mass 
eeiilir eortipiUed, In foie il is pnssihle lo (nid the aeieleiatlllg forces. 
It hecornis a |im] .ind ejior method 'I’he gear automatically loads 
it.self as the spud in<-ie:is»and .in\ geai whieh is intemled to nin 
at high Speeds, sliMiild he exiiiiiini d wiiii res[Krt lo this nieitia loading 
and tile di sign of the links mi'difieil to meet the e.ise In older to tix 
oiir ideas, Consider the rl<i\ geai shown in Kig ItO An imjiortant 
practn.al piohlein is to tind tin lom acting at U, the diivnig point of 

the \aKe ge.ir, hecatlse this fdlce Inad.s til.IlllMtlilg tod With a 

triinsveise load. In the solution of this piohlem the threes at all 
the othei joints ate tontid tin id< nl.dK Th<' piohlim (heielhie splits 
up into two sgpai.iti and dislinel paiN, llms — 

(1) The Imdiiig ot till toiee at (hr joiiii A* of 1 In* gear when 
the \al\e spindle load |s given, assnniiiig the speed lo he so slow 
that the ineitia lo<idiiig*nt liie ge.n is ingligihle 

(2) The linding of the tom* at the joint li due to the iiieitia 
loading of the ge.u, the weight and toim of each link being 
assumed. 

The actual toiee, < ottesjHiiiding to .i given sjn-t d .lejing at any joint, is 
then the lesiiitanl ot the tones dm* to (1) .md (2), Imt .is will bu seen 
fmther on. the i fleet ot the valve Resistance, that is (i), can lx* found 
Miunltaneously with the deti tiinn.ition of the lueitia I'luvs under (2) 
The pioblein is filtlhei eoinplliMted bv tin* i tli rt of fiietlon at 
llie joints, but, assuming jiioper lubinMiion, the di-stuib.miv piodueeil 
on the foiYes dm* to this cause m.i) be in glertcd Since the force at 
the joint I/, both m case ( 1 ) and (2) above, is m a st.ite of continuous 
variation, the only wav to deal with the pioblem is to find the force for 
a si'iH's of positions ot the giat Once having worked through, say 
24 positions, a matter of some perseverance, nof k) svy todiousnoss, 
knowU'ilgo will have been obtaineil winch will guide the judgment 
'in saWspient ciu*es without .letnally amiKsing ^liein m such piuluse- 
ll'-SS of def.ui. 
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134. Qiven the crank angle Bf and the force acting along 
the Talva ipindle, to find the force acting at the joint R of 
a Joy gear when the inertia loading ia neglected, Thl^ 

is a Htatical oiu^, ami rctjinns (he i)f tlic lv\o following sl-nficj^l 
pruK’ipleM fur it'' sultiliun - 

(1) It n link canuti;; h\<i loiiiK l■^ Ih l«l in '«|ni)ilniinn l»y 

fun us cit ill' juiiiN, till- iii.iLiiiinnl's i.| thi irsiiluinmat llio 

r«‘s|K‘rtui‘ juint'' mn-'t In- .ui'l ujtpuviii', .ni'l nnist net 

iiluntf thu lim* |uiniiix ^1*’' ii-tiin.,' tin' «tlfi’l «)f 

tin tni'tmn "I iln luint'' 

( 2 i It a link 1 (IIM114 till-•'P>nil'< k liul'l in «'|iiihl»nuni liy 
|un'»'s ictini,^ .It tli< |"iiil-' til- Ixi'-'' Mill''! '‘illn r l>i |mi.i 11 c 1 up 
nin''t nil ct in .1 point ami in < .c ii 1 the i>"'iilt ml ut tin* tliK 0 

tuin"- nnisl In /oio 

'I'll'' ni<'ilnM! ')( ai'i'Kiii'' lli'so ]ii in-iphis iiio'»( ta^iK 
In t.ikniL; an (‘v.iiiijilc 

Example. Knul tli*- loici s a'-lmi^ on Mi* |"int // o| tin' Joy t.,^o5ir, 
lilustiatoil in Fn; 1 Mt, tot tnll loin.ml -u u iln- (i.ink aiiiflo Im ing 6* 
ami till' ^’oiri ar-ttin^ -it tin- sjini'llo 1" nn^^ I\ 

Ih.iw til'-O'.11 in ... < on. spuinlnio to i\ <T;nik an^'-lc 

as 111 F|o l.'ill, ;uh 1 'li.iw iln‘ jtalli /'/’ in tin- iiill foiwiini posHiun 
Win tli'-i (lio foi'-i‘ I\ i< '|iiiii <1 ti» til' v.iho ni\')I\«'s n lonsion nr 
(‘oinpn ssiuii ot til' \.il\< "I'lii'ilo ih I" In toini'i Imiii (111-\alvt‘tliag^iiini, 
])i-*MUsi‘ tin- ill. i^M.nil s])M\\s wlmli \s.iv th<- i*. iiio\nii;toi a j^ivoji 
iiankaiiolo Foi Ili« \alm o| <K)iu\\n in tli'-li'^tm . tin- \ai\i sjuiiilln 
iH in ti-iisiuii, -iimI tho t"i''< J’l -ills a-, slimsn at tlio |onit J' Tim 
|iiul)l(-in ni.i\ |)i‘ili.i|is })< III.I'll iiion loiuplilo .i^ .in « \<-m'1so In j.'nia^ 
oiir sir|) fiiitlior ami timliiij' tin- toms I\ l\ at tin- sink’ b.us ami 
(T.ink pin ii'sjM '’tivi-U. uli)' Ii balaii' '• ilo -iftioii ol 

In runsfijncn'’i‘ of tin' .ipjih'Miioii ol tin- Ion' J\ ami tin* b.'ilam in^r 
fonv .K'f lilt; .it R, I In ii will !»'• I In- lollow iii^^ M .n ' loiis liom I lie lianiu* 
Work ot till’ ♦ ni,nm-. in-ol"lin^^ tin cHo.-t of liniioii -- 

(1) Tlio noini.il I'-.n tioii "I tin-slnii at 

( 2 ) Tin* noiniiil I'-m tion ol tin path 77 ', at 

(J) Till.’ h .mtioii ol ill'- Joint f, will' h must have inn dirc-^'tion 

ol the link FS liy prim‘i|»l.- (Ij 

B} principle (Ij, thne-osiiliatit. of I\ ami must lie i-ijinil ami opjKiHjtc 
to the force at V, ami niiisi in’t aloni; I F. S'*t "ut Oa, l*j^. J. 57 , to^ 
reprcHcnt /*i lo ’som* «i‘ulr ilr-iw <>!) jiaralh*! to l\ am) al> paialld 
to rr. Pkioo^aii airow In.nl on (f<i, imlii'.iting liic dju’iimn of l\'n 
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action, and follovi' tlju direction it imlicatoe mimd the trian^le, in this 
way (liHcovorin^ the sense of ab and hO. Then the triangle *how8 that 
a force lepie^iented i>y uh th(‘joint I'along the rod rK,^iid a 

foRr re[ileviited h\ ho acts //era the slide at K, (o the joint. 

Again, fix the alteiitieii un the jitinr V. .Tlie tonv acting at Kis 
iiecx'sNiiiIy .ucnjiijiaiiieil h\ an eijiial .uid i']/])osjte fojce acting at l^by 
principle (I) Hence I niit I lie atnrw hi'.'id on ha and place another, 
trointuig ih the iijipiMte diiei thill, to imliiale (Ik; ch<uigu ot tiie force 
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to Ihi. The link VJl) i^ held at lest h\ iou'cs acting at the three 
points F, •/, and I) Of thi‘M' forces that at F is cunipletcly known, 
that at J ks known in directum, Kang normal to the iwth PP. By 
principle (2) tlnTcfoiv, the fuices through F, J and D musk meet in 
a jKiint. [Produce (he normal at J to meet the direction of FF 
pixxluced, in 0, join 0, to />, thus fixing tho dm-ction in which 
the force at D must act Uidurning to the force diagram, Fig. 157, draw 
(Vr |)amllel tri ./O,, an<l through the point h draV cb jnrallol to 0,Z). 
Follow round the direction ol the new arrow head on ba, and the 
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directions in which the forces must net, from without, on the link VJS, 
are at oncisshown ; so that «c is the force notiii):;/rom the ]inth W* fo 
the joint /, and c6 is the force acting at the joint D,fruvf the joint to 
the link M V. 

Again, the link UI)S is helil m u|iiilihriiiiii hy forces at li, I) and S. 
Of these, the force at 1) is known in inagiiitndc' .iiid dircrtnin, being 
lejiresented by be, the arnov he.id being leiei'sed as before, the force at 
»S' IS known in diiection, being .dong (he link Sb' Tlierefiie, iinsliice 
the force through I), to cut the link KS in tt„ ilun 0, is the point 
through which the thiee foiccs acimg on /f/W niiisl jiass Hence join 
0, to R, thus fixing the diicction in which the fnve at R niiiat act. 
Ketiirning again to the f>ree di.igiani llirougli the point c, draw cd 
jiarallcl to f<F, and thioiigh the point b, draw db pai.ilh I to R()^. Follow 
round the diiection of Ihe reieiseif allow he.id on b, then, nl represents 
the I'op-C acting Jiuin ihi' link b'S t„ the joint .S', the diiection of the 
arrow showi.ig th.il Ihe link is iii t. nsion lor the i.iliie of $ t.iken; and 
db .show.s the loico.ii ting .it the joinl R. Foi pi.n Inal piiiposes this is 
the foice of inlerest 111 the design of the geai, be c iiise, ri soUmg it along 
and at light anghs to Ihe connecling i.si, the x.ihie oj lln- tiornial 
component is .rl once found, and it is this eoiiij.oneiit whieli causcH 
liciiding of the lod 

Forci's ,it Q <uid K are f uiiid in a siinil.ir nianner, but here a point 
of iiilciest aiists in coiitieclioii with the ap|)lic.ition of ]uni. iple (2) to 
the eonni'cling owl TlH' point nl which the diieclioii of the force 
through /f, nuets the force 1\,\h pr.icln ally in.iccessihlc. The dilticiilty 
IS ciusilj siiriiiouiili’d howeier, by l.iknig y, .iiid K, conienieiitly near 
to ff, so Ih.it (J,RK, lepieseiils tile loll to .1 snialh r scale Then the 
point 0, IS foiinil fir this small .siale lod, .ind is the diiection"^il 

the force through K, lint this niii.st also he the dlieilioii o( the firce 
through K. since the mere allcialion of Ihe si.ile c.innot affect the 
diiection of llic fmes. Hence a liin pai.dlel to ft,A’, diawii thioiigh K, 
gives the direction reipiiied In the loici iliaomm, Fig f.'i", the 
triangle bde corres|Kiiids to these ilineiions. 

The scale of the face di.igt.ini is lisid wlnii .in -nlual \alue is 
as,signed to P,, ficcaiise this fixes the nuiiiher of units ni the line tja of 
the diagram. The m.ixinium xahn- P, is likely to .issiinie f ,t aiiv given 
crank angle, can generally fa' I'.stiinals'd with fair accniacy, larc lieing 
taken to make tiu' esliniatc cir on the right side Kxaniples of the 
value of P, have fs'i^i cited in the ease of a hs oniotuc in Article 2.1. 

If a diagram like Fig. 1 IT be draw n fir 2'k pisitions of tin crank, the 
vaiymg values assiinnsj by the diffeieiit lories tan e.tsily be lollowed 
and the inaxiiiyim value lound in each case. 
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135. Cflven the ipeed of the crank shaft and the instant¬ 
aneous value of the crank an^le ff, to find the fowe at the 
joint R, Till. 156, due to the Inertia loading of the valve gear. 

/n solving''fills jf is vi'Icx'iiydiagram 

Irom uliif'li fhi' "t (In' vrldciiv nf ,vny ]»(.ii)( in the gear cun 

!)»• scaliMlofr, -I iMiHlK.ait .n<<-lcia()<iijfinm whu-h the accolm 
(mil nf :ui\ (»"iii( in iln gi'-u c.in Im MMltd ..M' Fioin (lii‘'^odiagrams, 
ami tin- a|»|ilic<»l I'-it.uii ihnaiiiical j»iiiici|)|is wlijcli wdl U; 
(•vjilaiiii'l III dm- (oitiM the- (*tii l)« loiind 


136 To draw a velocity diagram for a given mechanism*. 

Tho dMwiiiif itf a (Imi^miii toi a nns-h.misin di'pi'iids u|H)n 

a knu'iii.itn* jiiiiifijilr cniKniiMi,!^ llii' iiiniinii ul .iiigid ))ud^ in u plane, 
ttliicli ina\ }i(‘ f has ,si,lied .— 

li .1 link I'lLj In-'"', h.is iiinlinii m iis own jil.iiic, aiul thn 
\ i)( .in\ |hiinl m ik.as (/, In* gium in iliiiclKin .ind ni-ignitmle, 
thru, the ll \ nt .UlVlllfl ]>nlllt l\ »Hi (!|f link is I hr \rr((>r sum 
nf (he M'hteily et (,( -Hid ihr t.uir'rnti.il \rl.)i ii_\ ut /v hniiing alinid 
a linr thi'iiii^'h (,(, .U iu;lit .inr|rs tr ihr [»Lmr of nmiion as .i\is 
Tak(‘ans ''ii‘;in I’and hi llir vector {’’ii la!* n-jHisint ihr\olority 
of Q. Then.aliiie di.iwn al tight angl's li>th<' line \>>\n\w^Q and K 
must lejursi'llt lln dllrr||r)|| of tli< laiigrlltl.d \eloci(v i)f tunilUg 
about y ns um'. IjJ'I, <tl. mdnali' tin viloi-itv's ma^nitmle and \sav i»f 
action, tlirii I/, ill*'V(‘c|oi Slim.o| tin \* h» itv of y ainl chr tang* nli.d 
veincit) ol K altoiit y, is tin irhuily ol K, 


q Fig. 168. 

\ 

> 

■ Fig. 1S9, y/ ’’ 

Vpi*inr\ I>i\funu 



For whether the poinl y is nio\ iiig(*r jsat le.st, tl o iuily nndion which 

. • Tin* iwtlioil tif dramriK and acc’lcraln'ii dm>:rni«4 ti8*'d in thin andio IIm? 

fiillowiMK arUoIi's m that given lo 1‘Mf U >1 Suuth iii'vta/iftirs, publiHlii-d Longnianfi, 
Ou'en and Co., and uiigiuall) ooiiuiiuniotU'd to the itojal Society of Et^itiburj^h iq 
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K cun have r»'lati\clv to it is mu' at ri"Iil angh s to QK, since the line 
joining K linil Q is siipjioseil to l>c unalttralile in length. Jf (heiv is no 
turnnlgahout t^.eveiy point in the hnr ino\es m a jMi.ilh'l jtatli.ainl the 
tranhlatioim) \el(»eit\ iniprosM^I on Q is rommon to ♦‘voiv point in the 
body. Hencr, \\fH‘n (heir n luniuig iii .nldition, tlu‘ xelocitv <tf K is 
coiiipoiindi il of tin* toiinnon ti.iii''l.»tiiin<il \tlueitv Vij. and the t.iii 
geiitul \e|o<ity aln»nt Q 

It (t) I** llii‘ .ingiil II \i‘]MCit\ fit (^/\, ilie uMi^nitmlo oI the tangential 
velocil) oi K about Q as a\i^ i^ 

(t> X (Jl\ - ijk 

ITi'liee m - 

VA 

So that v\}ifii ill'- \i']oi’it\ I ’jl, is c»nc<‘ fmni’l the angnln 

\i loi It \ <|| the link e in 1)1 I ft llulu it 1)\ I he .ihu\e Irl.u lull, it U Is 

not alie.nh kiiou n 

Tlieie IS .1 till t 111 r pioji. 1 1\ of 1 111 \ 1-1 I’ \ (n ue,;]- w 111- li IS nsoftil 
If points .V. ./•, aie t.il i n. fliMiiiilg the link ^A' in Kig J.’M, 
arifl the I mg'nil il v-h-itv ij!, in Kig t<-.p. 1 1 i\rl\ in the 

same piopi't 1 1 '-n, ih-n 1'/ iipi.-*. nt-> the \Jo<]i\ o| [||.< point, A’ 
in magnitinh an<l dih - (i<<n 

J’ee.uisf, .ippl\ing til- pt-Moil'' |il‘ip-''lti-in. til- \«l-i-’it\ of X IS fill- 
veitoi sniii 'll tin «»l n ami t he I.IJIL'- 111 lai \il-iiit\ .-I .V .iboiit 

Q 'J'fiat IS tin \--toj ^inii --f Try .uni m dlleeti'»n at light 

High s to 

'I'lieu hue ill' Ini' s II pi- - ninig l),-‘ i in iiii.il \clu- itics ot K and 
A' must hi III tile piopuiiion ot t^^A' k^A Tlni". 7* lepusonis the 
tangerill.il \e|oeit\ ot A' .ibollt k-" alifi lhe|.i-)|e K ph sellt.H the 
Viloeitv of A, In tile ,ij)j)!i''Ii loll o| tln-e prilK'lph . to lin-chaJil'' Ilfs, 
the piobleiii IS n duel d to the diauing fit tin \- I-k 11 \ 111 inL;le loi* eaeli 
link of .1 iinMli.ini'U) .Sim r «.n h joint of a in-elMiii-ni m coininon 
to tuo links, .i(I).ni nt ]lnk•^ will a loniimm if|e in tln'ii jf-sju-eijM.' 

\tl"fjt\ tii.ingh-s, ,imi 11 will h.- tonml ih.il th- \ih-iiv fli.igrain of 
a ehain of links consi-K «»! a s-iii >1 f-l lim-- r.eli.ilnig lioii. a point, 
giving the \el'ieitn s of the points ot the \.ii i-ms Imk-' the lines joining 
the einls of these hm s l)eing tin- 1- '-[i- < rue t.mg- iiii d veloe-in-s 

It iierpienth h.'ijipeiis that of lliesu el. ni-ntsin the fli.uMng of the 
\(“lociU triangle of a link, f«iiir of whnh iniisl Im' ^u- u. tin- niagmtiide 
and the direciloii of4»ije "nh' is gucii <.iinj'hi.'h, tli.it is the \elocity of 
one point in the link, is efjuiplet. ly sialeft, and the iln.. ti.-jjs of tho 
remaiuing t^vo side.H fre gueu. The <liiection oftlie i.mgeiitiul \eIociljf 
is uluaus kmmn diit'cth the jiosilion of the link i.s gu.-n, since it is 
alwajb at right angles to the link 
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137. Example. Apply thw to tin* hiio))Io Ciusc ot a crank anfi 
connecting rwl, 1(>0, to find the velocity of the erq^head, the 
veloeily of H, the crank pin, tx-ing supposed given. 

Take any p"int T. Fig lOl, and draw Vk m the direction of the 
velocity of K, winch will be at light angles.to the crank. From F, 
draw Try par.illrl tci the direction m which.Q inovefi, that is parallel to 
the line ol stroke The K'nuining snh' of the triangle must be at right 
angk'H to Che kkI Draw Dy. theiefoie, at right angle.s to the connecting 
rod, thu.s fixing the point q Vq now re]neft'ut8 the velwity of the 
crosshead Q to the s.iiiii' scale (hat Ti* represents the vel(K*ity of the 
crank pm Let R be any p"int on ihi* connecting rocl ihvide qk 
m r m t\uit QR. RI{-qi rk. Then IV iepie«M-ntH tin'velocity of the 
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.y Fig. 161. 
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point R in magnitude and dneetion Since qk in.iy be l(»oked njnui lus 
a scale drawing of llu* lod alwilvs at light .ingles to the actual position 
the rod oeeiqurs, it has been calk d the velocity image of the rod. 
The line joining anv |iomt on tim image to the [lole F, repri‘senl.H the 
velocity of the eMues[ioiidiiig [sant in the actual link, in magnitude and 
davctioii. 


138. To draw an acceleration diagram for a given 
mechanism. The di.iwnig of thi-^ diagram depends' upon a kine* 
niaticul principle legiudmg inotmn in a piano which may be thus 
fltited ~ 

If a link QK, Fig h.ia motion in >1*^ An pl»ne. and the 
acceleration of any })<tint A” m it lx* give^j^^magnitudc and 
dnvetion, the accch'ration of any othi-r poM^^ytho vector sum 
of th(‘ acceleiation of K, the nulial acceleration of Q alsmt K aa 

axis, ami th<‘ tang*‘imal aecelenitiun of y about K as axis 

(1 

•Thus, if the vis’lor Ak, d bmng an oiigm taken anywhere, roprcHenta 
the acceleration of the jsunt K, then kt, repfesenting the radial 
accolcmtion of Q alwnit K, must U* ilr.iwn |M»rallel to ^A", from Q 
towards K, and tq, n'presenting the tangential acceleration of Q about 
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K, must bo drawn at right aiiglos to QK. A'-siiming (iio magnituddh 

of kt and ^ to bo known, the sum of those ihiee ioctors is A<], and this 
is th« acceleration of the point Q. , 
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It will 1 h* ih.il till* «1 mi i“l.iiins 111 till' i.ulml ;unl fan^f'illiul 

acceU'ratnuis an* kiuiwu (lin’i-th tin* jm-'ilion of llio link ih known. 
With ro^anl to tli< ir inagmia<li s il»** in.igiiilii<li‘ ol tin* i.ulial uccolrm- 
tion 13 ex|in.NM d l>y 

?'• 


V beinj» iho \<*lority of ilu* puinl Q al'otil tlx* axis A' Tins velocity 
ftin uU\a\'^ lx* found from tlx* m*1oi*hv diioi.nn. it is ii*jirrs(*nt(’d 
in ihx east* of |'|o jiji i|i,. Im, ,y/, f|„. aii^nil.u acculcmtion 

of the link, 


o) X ICQ 

IS llx* tnn;;fi‘nff il arcoloMfion of fix* jioini ibout A'. In i^onoral thifi 

aiib^nlai accxlcijition is unknown in niairnii ixh . and it Imtoiih-s part of 

the piobleni l<' dofi iiniix* it It will lx* olisi-ivoil, that tlx* am*h*j-ation 

of the link is fh'toiinincd li\ tlx* di.iwino of .i Iniu sidofl H^nire, so t-bttt 

onongh data nmst be ^nvon to sett!) tlx* oj all but two of tin* 

<}uantilios ctnxs'iixd in llu* sottinj^ out ol tlx* tioim* 

It is also inipoit.mt to iioius* 111.it if tlx* nci "h-i.Uion (jua/lrilateml is 

obtained, tlx* .insular acecloiation ot tlx* link it xiinosjxnidH to can 

always be found from the inab'iiitudc of the taii^eiiti.d acceleration. 

Thus, if tq reinvent tho tan^i-ntial accoloialioii, 

" tq 

a>,^he-onjj^ilar a(*Cfh‘i.ition ot the . 


A second j)r<»}>ositx>n with regard to tlx* diagmm is — 

If points A and x aro taken, divxling the link QK and the 
whole aca‘Iemtion of Q about K, namely qk, in tlx* samo ratio^ 
then Ax repicaenls the amieratioii ol the }x>iiit A', iii mngmtude 
and direction. 
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to tlifl Fiff. 16 ‘{, <liaw j*/, parallrl to qt. Then if w and 
u> an* rrsjH‘cti\(‘ly the angular M-locity and the angular a«celeratnm 
of till' I. Ilk, * 

till* radial aci-i li‘ra(ii>n nf A” alx'Ut K m, (a^KX, 
till' angular iin'rl'‘MtH'n of X alnuit K is, w KX. 

Therofitro 111 tin* a'Tfli'i.ilion diagiani llu- l.ia s ii'sjioclivi'ly reprcfiont- 
ing these ijiiantith s will i»‘ h ^Jlr( ii\rl\ juojuirtional to KX, whilat tlio 
lines ies|K'eli\el\ ic|ii( seiifiiig tile laili.il aiid laiigeiitial aecclerations 
(if almut K \m11 he j)iti|»iiImii.il to K'l TlitMeleie in tlio diagiam 
the coiidilien must he si(i'-ti<d, 

Lt //, -hy /,./ - KX 

Ifeiico X dn ides ijk ni the sinie ratio that A' divides KQ. 

The di.lVMIlg el the Ui eeleiat lull dl.l^^iaiil Inl ail oidiimiy folir- 
har chain well ilhisliates the a|n»liealien u{ thi' iiieihnd m geiieial, 
and in paitniilar illiistial's ilie (unslMieti.m wliali Ins jn }m‘ applied 
sum'ssi\( |\ Ui till' links to find the aecelei.ihuM diagiaiii lor a Joy 
geai. 


139. To draw the acceleration diagram of a four*bar chain 
for a given configuration. I.( i li, C, l>. K l iu hil, Ik a toni-har 
chain, the link hli lieing lixed, and assume the dank /><’ to revolve 
with unitonn .ingular \( l<ii itv m 

It IS fust liei ess.n\ India VV I he Veloeil V <liagiam The VekiClt V o! the 
point (■ Let lliis he fepiesj litKl in inaeinfiide and diieclioii 

hy the veelor !'<•, l''i” HI.'), 1' hi mg anv oiigni Ih' !•> diavvn .it light 
angles to the eiank /)(', an<l ils k nglli to seak* is eipial to wAV' 

Till' tangential vek'div ol the K. ahoni (' as axis, is in .a 

diwetion at light angl. s (o the link i’K, anil the dm < Imn ot its aeinal 
VeliK'ity la at light aiigk-s to the link hK AeeonlnigK. complete tin- 
velocity diiigiam hy diauing lines ec.vnd IV at light angjes )es|»ec{ively 
to tile links f'K and hK The mi«Ts.(in.n at e then detines the 
niagiiitude of the xiloeitv ol A’and its langeinial vrlodiv .ihont (’ 
Measuring tins' veloulies to stale the ladial uecclenilion of K 
uhuut ('is ’ 

. in the direction !'A\ 

and the radi.vl icaa'inalion ot K ahoiit /t i.s 


, , in (he diiejtion A’/k 

/>A ’ 

The ace(‘lei.\lion diagiain tiiav now easrlv hetliawn. Take any origin 
Fig. Kiti.niiU reiuendieimg that the uaeleration of A,about C,ia the 
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vector Bum of the siccelemtion of 0, the riulial a(.‘<‘elerati<)n of E Jihout 
C, and the iangential acrelfratlon of E ab(nit i \ and also that sin<o B(J 
rcvolv& uniformly m a circle the aecch-iation of C' is lu the 

direction CB :— 

Set out, Fi^ Idd. Ac equal to txrt'H in a <lu<'c(itm paialh'l 
to CB, to rejiresenl llie*ae'‘*-lcMtion of T rt equal to the radml 
acceleration of E aliout (\ the niaoniiiide (kf wludi ha^ ju^t hetui 
found,*in a diieetion jwualli‘1 to E(\ t.r. at le^lii an-^li's to CE, 
^uviiiifthe diieehnu of the lano.-niial a"*. |.‘ialn>n <<1 /:'alii»ul C, its 
magnitude being unkinoMi, 


E 



c 



Four imi Tjimv Vfioimti am> a(‘iih{^tios 

Again, ronoilei that the jininf A’Iflougs te tlie Ip.k KB Fts ncceli^ra- 
tion ih th<’ sector sum <>l tin a<celeMrion ol //, ^\lll( h is /eru, the lailial 
accelerati'ni of A-’al)*itii /l.uliieh has just h. • u I’h'iikI. and the tangenlial 
aceelcmtioii of E ahout }> \\iii' h is kii«a\u m <hh ■ lion oijK Stalling 
from the origin A, ihi iefiTO, Bet out At, |>ai.ill* I to Eh to h | <^‘sent tho 
radial areeWmtiou of K about A aiul /, r, at iighl aui,d* s to A/t giving 
thereby the diiectaon of the tangential iwveh'iation ot E ahout I). The 
intersection e of thes* two lines defineH tho nsjuctivo luagnitudeH of 
the tangential accelerations of E ahout and of K ahout IJ. IJenro 
Ae is the acceleration 8f tho point E. Also c/? is the aeceleralion image 
of the Jink CE. J'luis if the |M)iut3 F and y ilivide the link CE and the 
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image ce in the same ratio, Ay is the acceleration of tfie point K Ti,, 
acceleration of every point in the mechanism may therefere be f/ujjf 
from the acceleration diagram. • 

140. To draw the acceleration diagram for the Joy gear 
shown in Figs. 140 and 143^ and r^-drawn in the configura¬ 
tion corresponding with the crank angle 0j the crank being 
assumed to rotate with uniform angular velocitTt and the 
path PP being In the position for fuIP forward gear. Assume 
the linear volocit} ot (lie rtank j>m to be on<‘ foot per second. 

|l IS/nst loili.iw dll' \i'lMfii\ dmgi.un. Take any pole V, 

lilH, ami draw T/ to loja'osrnt tlio \olority of the emnk j»in Kj 
Fig. 1(>7 l>i.i\v r<y ji.n.illrl \i> th(“ lino of slioke, and draw hj at right 
angles to (he coiinocting md KQ. Thon Lif is a siiudl scale dmwing of 
the lod. Take tlio puint, r m /v/ so that /.r . ?#/ = Kli: UQ. Then Vr 
represenlH tho volocilv of Iho point U m magnitude and ilinxition. 

Again, eonsidor the link }i}>A Tho \oh)ci(y of (ho [xont H is 
c<»inplotoly knoivn, tlu' diiooliun ot tho \olooily of A is known, lioiiig 
tangoiitial to tho p.ith of »S' tli.il h at ught anoh's to the link FS. 
Henoo in tho \oh) 0 |iy diagiam. Fig HIH. <lui\v 1^-at light angles to Fb' 
and n at light, anglos to tho link JtiV, thim F*s is tho \o!ocity diagram 
for tho link, ?.v la'ing a small sralo di.nsmg ot tho link Find the 
pointf/ in It So th.il di . jh'’n I'd ropiosoiiN the \elooity 

of the point 

Again, eonsidor tho link Ilf Tlio \‘'looit\ of tho point 7) is 
oomplctoly known, .iiid tlir diiootioii of tho \oh»oily of th(‘ point J, 
uhich must l>o l.mgi-nti.il to ilu' jiath FF Therofoio in tho ^eIocity 
diagram, Fig ItlM, V) at light angles to CJ and dj at right 
angles to the link Af.llion Vdj is Iho \olooi(\ diagnim for tho link DJ. 
Pnsluee dj to v, (iking r so lh.\t d) jv= Ilf JV Join Vv, then Vv 
represents tlu‘\elMf tt\ ot the point* F of tin* link FF. 

Again, ooiisKh'ring tlu' \ahe lod F}'^, the \oloeily of the point V 
of the link is comph'loh known, and the iliroi jnui of the voloeily of Y, 
henet' diaw Fy in (he velocity di.igiam ]».ii.dlol to tho line of stroke 
of thft valve ami then dmw ry at light anglo.s t»i FF, thus fixing the 
velocity 'Fy ot tho jKunt Y of the link 

Hence,radiating fiom the point Fare lines Vq, Vr;Vd, Fit, Vj, 
Ft>, Fy representing in luagmtudc and direction the velocities of tbc 
several points in the gear. • 

Tho linos qk, vs, dv, ry rejiresenb the respective velocity imag«i of 
the links, each imago In'ing at nglit anglos to the tuition occupied by 
the Imk whose imago it i& , 
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JnwioilMv fh*' \rl(in(:y of f/io crank pin is given, the scale of fli,. 
lino I'X- IS ami Jho vclocihfs of all tlic other points mfty be scaJcii 
off In I'/g. JiJ'S, (he Velocity '»f the crank pin is taken to be one foo( 
per srcjiml 

When (hauMii,^ (ho fliagrani, a slide rule is of great assistance in 
living tin* posilions of points on the' images coiresponding to the 
j)oHitioi\ ol poinlH on (he aetiial rods If, nhonld be understood that 
although 7 / is a seah- diawing of (he rod QK, and ?‘.s' is a scale 
drawing of tin rod A'.s', (In; iseahs ao- nob thi' same. E\eiy imago 
has a wajo ot its own, 

Dining (ho diaunig of (ho a.‘leration diagiam ib will be found 

that (he ladial iur«-leia!i"iiv. nt (in' pumts , 

(J .iljoiit A", 

.S .ilioiit A, 

>S' alinut I'\ 

,1 about Ik 

,1 ulioiit (ho (nitre (pt tin ]ia(li l‘l\ that is (\ 

ValMpul V 

will he ii'ipiircd 

lb IS epnuniii'ub bo l.ihul.iti' llusp* rpiaiititii's 111 llio loim shown 
m Tahk; II. 


TAIILK 11. 

Itiidi'tl ncrehu'tifinna. J.o/ trVr/e in Fuju HO am? 142 

Ihtn vhtnintd (>>i mf’it'ian’nu'nt /nnii the vcloat'/ dingtam, 

, TliP' selpK’it) p't lie- (T.ink pin { V/^ in (he* diagniin Fig. IHS) is unity. 

Tilt' laduil aifi'h'i.ition ol the eraiiK [un = 1^1 ()'S4 = 0 02d ft per sec. 
pel we 


I)p'<<ilinnhitn cl 
Ipoini tuiil .1X1.. 

Ni'i’fcroinln 

his 

It |l|f"•CllllH.' 

the \t !oi iiv 

M,.;'Hill,1.' if 
looiti 

meI'liied fniiii 
(li 'lilt 

ItmliiiK [if ixiiiU 

I’c ft 

(Si-r 11'Ji 

Ttndial accolor- 
iiUon Fwt per 
HtS? P'T SfC. 

y .dn'Ut A* 

h 

0 7;i.) 

li Hit) 

OOHS 

S about Ji 

n 

08;t4 

1 (Hi 

0419 

(S' about- F 

)'.v 

0 isr) 

2 :« 

00O8 

J about It 

'(p 

0 1;07 
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0215 

J about 0 

Vj 

02(10 

3(i2r> 

0019 

y about V 

"’J 

0200 

3(i25 

0018 
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The figun.“8 111 tho thin! <’olinnii .ui* (jlit.unnl hv uuM'^urcincnt froiu* 
th<* velocity^ilmgrara. 

The railiiil accelemtidiw in the fifth (‘itlnmn aie <Mlniliile(i antli- 
inetically. 

The wurk is now a snc<‘('ssi(»u <>( |iM'1*I.‘Iih. 

(a) The acceleratiijf of the citrtd pm K ln'iin/ invi'u, to (uni 
the re.spectu'e accetetaiious v/ (he pmnf^ Q uml li 

(Tins ])i«)bh‘in niten app-.ii^ iti rojna ((i-.ii \Mih the steam 
engine iiU'eliaiusui .uni ihrh‘ aie vr\ual paidiuLu nuisinietions 
winch may be nv-fi foi ils 

Since the ei.uik [)m K, Idg lt»7, ic\i)l\is iiiiituimK uith a 
velocity of 1 fu(»t per second, its aef< Ici it lull IS 

in the iliH eiiuh A'd.ih.it po sre pri m'O 

T.ike any eiigiii . 1 , |'il( Mi'' Se|<M aii\ ...n\.iii.nt '><a|e. 

Set Hill All, ti' h'ii ami etpial tit (I 'tJ't. 

Ui, th* Milial .«11 l< lal i'>ii <.| alxiiil A', pnallil to 
QK anil eijtial In (M)sS 

/// .it I ii^hi .meh ^ t" h'' aiiv,' I i,m Is t !]■• dih ct inn 
ot the (aii::'e|itlal .I'm [< iaii<>n n| ahniil A' 
Attain, sjiiie the dll" iinii nf t/fi M*'* ej. ialinii Is in iln line ot 
‘.tioke set out Aij p.ll.dli ] to the Jine o| .s|)..t( Mil i j see| ing tin- 

line ^7 Ml the point </ .I7 is tii.’ an ■ i.ialion .-I ihe p.,jiit and 

tile hue 7/. Is (he a". 1 . I.llloll IIIMOI ojlin lodk^A* 

Duide ijh m } so that 

L i<i A'A' //'/ 

then ^Ir IS {1 m‘ aeet ]i i.Jion o| th- point A 

(/>) The (H ‘ el! iiti'.ii 1)1 }t lniii'i tn iiiol (he reipeetive 

accclenitiuifi of the pumts A ami J) 

The .u’eehiafion of A is ,do.civ n-pres* iitul ni tin diagiam, 

Fig Jblt, 1 )^ I ho vei I or A ? To Imd t he a< c< I' I it loi, ol ,s' -- 

Set out lA, the radial aeeeh mlioii ol A .d.oiil A, p.uallel to 
ami e»|iial («>0 fUtfsee Table II) ami tlnJi diaw t.s at ii:j-ht uu^lcH 
to ^'A, the dm r-tion ol the tani^oaiti.d .u t «leiation ol A about It 
Ag.iin, set out A A. tlie )a<ll.d .11 e« h lal loD o| S about F, jiatallel 
b) SAand equal Ui OIMW and then draw f s at iii,dit atioli-s to ,‘SF, 
this being the diieetion ot the tangentlal m e» leiai ion <it S about F. 
Tho interMection#al e then fues (he tangenti.il ucceleialionn of • 
S about Ji, and ot S about F. The .ucelerat:<m ot the jioint S 
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IS then re/iroHcnl^-d by As, and rs is the acceleration image of the 
ml. • 

DiM<‘ rs in d ao that 

sddr = SD:DR, 
then Ad IS the iii'cclci'.ition nf the [iiiiiit 1 ). 


(c) The iicceleriitioii of the point D being given, find the 
resjiectiee acvdendwns of the points J and V. • 

The iKrelei.iliim of the iinint D is already represented by the 
line Ad mi tlie diagram Theiefnre, set out dt„ the radial accelera¬ 
tion of /almiit It, paiallul to JD and eipml to 0'215(8ee Table 11), 
and draw t,j at light angles to JD, • 

Again, Set out At,, the ladial acceleration of J in the curved 
path I'D of which <i is the centre, parallel to JC and equal to 
OOltt, and draw t,j at right angles to CJ, thus defining the 
]Kiint j. Thi‘ aceeleiatioii of the point J is then repieseiited by 
A), and dj is the ini.ige of the rod. 

Divide the linage e.eteinally in v so that 

dj -.jv^DJ. JV, 
then Av w the aeceleiatioii of the point V, 


(d) diien ill* acceleration of the point V, find the acceleration 
of the jiinnt T. 

The .leeelemlion of the point V is lepiescnled by Ac in the 
diagram 'I'heietoiv set out at,, the i.idi.d acceleration of Y about V 
jiarallel to IT .ind eipi.d to OtII.S, and draw (,y at right angles 
to IT 

Again, the diicction of Ts acccleialion is along the line of 
stroke of the valve spindle DB. Thcieloro diaw Ag parallel to 
BB, thus defining the point ij. 

The acceleration ol the point T as then represented by Ag. 


These foul piohleins complete the drawing of the acceleration 
diagram. Kroiii the iliagrani the acceleration of every jKiint in the 
gi'iir may be obtained. 

The full lines form the acceleration image.s of the corres]ionding 
links of the gear. 

In onler to fix the scale of the acceleration diagram to correspond 
with a given crank pin velocity it is only nccessnrj' to remember that 
whatever this velocity may be, v say, the line Ak in the acceleration 
. < 
diagram repieaents the acceleration Also if the velocity of the 
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cmnk pin is variable, the vector Ak not. re|>resent the whole 
acceleration of the crank pm; there is a tangential c<nii|)onent to be 
added* in which awe the arcelerntjon of K is not in tin* <lfreeljon KO. 
Whatever it is however, it must !>* gi\en c<»in])]4*rel) befort' the diagiain 
can be constructed. 


141. To find the angular acceleration of a link from the 

acceleration diagram. The angulai .evi loi.)ii<»n of a link is foiiiid 
by dividing the Ungoniial .lee.h-Miion of !in\ [k>iii 1. nn the link with 
regani to any other jx'uit on the link h\ the dist.inei' between the 
points. 

^ The tangential aee<‘leiation is foniwl. wlim the two points uiv 
specified, by locating these jinnils on tin- acet lrMtion iinogi' of the link 
and then drawing through them, line', n'sjM*i ti\i 1\ pcijM-ndieuiar and 
{mrallel to tlie actual link. It is of eoiiisj. nio ',1 ((»n\(‘nieiit lo use the 
end Centres of the linLs h»r this puipuse. The line at iighi angles to 

the actual link lepreMMiis the t.ingenlial ..Ier.di«»n, and the lim- 

pamllel to the aetual link lepu-ents the r.eii.il .u<‘eleMtion 

Thus in Fig Idl) the tang<‘nti.il aeei-leiatlun ot the junnt S about 
the point li, IS re|m'senfe<l by the \eetoi t.'i lienee the angular 
acceleration ot the link A'.s' is 
A-s' , 

l.idians pel see pel m f 

The sense of this aeeeluation !■' timml In oi»i'umg winch way the 
tangential ac*eleialuin acts with leg.nd to the ctutie about which it 
IS computed Tlni'' in the link /AS',/-s a< ts »»n the puint S of the link 
diagram, Fig lb7, in sueh a dmstieii that it tends l«' tinn the link iW 
about the cenl?<' R in the r-liK-kwise tu negative din c lion ^ 

Applying this method to the diagrams Fnjs l(i7 an<l I<>tl it will be 
found that tln' tangential afceleiatien of 


about K Is 0 (hF) ami is mg ilive, 
jS about R is b.)4 and i.s negalue, 

S atsait F IS 0 tHsl and is negatt\e, 

J about J> Is 0 2H and is |K)siti\(?, 
i^alkiut ris(Fh>an<lisriegUive 

Dividing thest' figures b\ the respeetne lengths <»f the links, the 
angular accelemtion of each link ih found, conesjwaidmg to a crank pin 
velocity of 1 foot pef W'cond In the nt.s<- when* the crank ]uii \eIority 
is changed to 30 feet jkt m'Coiid say, these numbers nnist Ik- iniiltiplied 
by 30*^000 to fin{f the corresponding accelenitioiH. Tins w turtheV 
exemplified io^ Article 144. 
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* 142. Dynamical principles fi'om which the acceleraUng 
forces acting on the links may be found when the acaelerations 
are know*. The ioti-fH cauhing the acceleration of any link having 
plaru' tnotKin may be annl\M‘<l into.— 

(1) A force, acting at the laaHS centre of the link, in the 
dii'i-ctiiin the iwceleialmn <»f the mas^ camtie. whose luagmtinlo 
is e(^uul to tile prodiii't of the mass of the link and the acceleration 
of the inasf* 

Tlmf> it (( K the acceh-Mtnm of the mass centre, M the mass 
of the link, /■’the aceelemting force, 

J/ X X f/ .( 1 ) • 

'/ 

(2) A Couple aeimg oil the link, m the plane i>f motion, whoso 
m.|o||lt)l<ie t.s eijual to the ploillK't' ot tile liiomeiil of nieiti.i of the 
link, /, aliout an axis tliioiigli the mass eeiilie [leipi-iidieiilar to the 
pi.me of motion .mil the .in^ulai .lect leiatioii ot the link 

Thu-- if : IS the aiigiilai .un |oj,ition ol (he Imk, L the couple 
ploducing liUb Avuli Ml loll, 


/.= /; = .W,-'.-= .(•)) 

H.iving computed the fiiee y Itom M|ii.ilion (I) and the couple L 
fiom etpialioii ( 2 ), the luo iii,i\ he loinhmid into one loiee l)\ mo\mg />' 
pal.die] to It-'elt ll||olli;ll a dlsr.lliec- i in the plane ol motion, horn the 
nuis.M ceiilie, c ht mg toiind tiom 

h^L 

That IS, c IS guen lu 


Thus the m.igmtii'le and the posKion ol the siiigh' foice is found 
Tvllich is alile to [UirdiU'e the gUCIl lllstanl.llleolis act eh-Mtlon ot tlie link 
Foi‘example, let (he link IiS. Fig 170, lie supposed isol.itcd fn>in the 
Jo\ g<vii,and suppose that when it h imed pait ot the ge.ii Lilt acceleni- 
tioii u( the iii.iss (eiiti<- w.is iouiid to he JJ7h It per Mr jier see, and its 
imguhir acceleMtKiii ahoiii (he mafrs centre, 5^01 ladi.ms per sec j>t*r sec 
JU the negatue diieehon Fuitliei Mipp(»se“ its weight to he tio Jioliiids 
and its moment ol imatia ahtuit the miuss centre to ho 032. Then the 
magnitude of thu lone pioducing the iii.sUintavi;ous accelcmtiun is 
fixiiu (1) 

x 378 = «21bs. ’ 
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And the couple produclnj,' tin- luij'ulnr .■lei'cleniteoi, 

• A = 0 ;t 2 xltOI =!M )4 Ilw. 

The force or mu'-t now Im' moved (o itself thioiif^h » disinnee 

• 0= A‘r=iHi4 412^02-L' foot 

so that its moiiient with reoard to the mass l■l■Illle is u, e.iiiie 

This aceeleiutiiif( force is )iiom;lii on to ihe link li\ fmoes uetm^ 
(liroiigh the joints at the ends Tin ,iei el. mtiiig leiee /■'nmv th.'ivtore 
he looked iipon as the result,nit ol tlo's., tw.. end leie.s. The link is 
therefore held m nis|,nil.nieoiis ei|ndihiiiim li\ the two f.i.vs at the 
I'lids and the aeu leMting Imee F, reversed In direction. The 
jirolileiu ot fiiidnig tlo’ end tunes thus In .■nous on., ot jiiiie stattes 

I 

143 To find the moment of Inertia of a link of a mechanism 
about an axis, through Its mass centre, perpendicular to the 
plane in which the link moves. 'I’li.' mi'lh...| de|M.|i.ls ii[i.in tlie 
piniciple th.rl .ni\ nnl oi link is .Iwi.imikmIIi i .jiin.deiit to two ji,ntieles. 
Ill,, III,, coiieeiitMt. d ,it two |ioiiils, .list,nit i/| ,nid i/, n sji.. tin Iv fiom 
the ni,u>s cciitie,,IS Ill'll'.iti d in I' lg 171, thi si-.list niii s being euiniei Led 



Fig. 171. SwiVlITNfl K PM’Mii (iilll \M' A JilVK IV I VI'sflV TO UNO yf* 

With the KidiUH ot "1 ilii i<•(!,/. ih- in.i.'". < < iit n-, Ihe 

relation 

ff,f/, 

This r< 1*4 t'asih <1 It'im iln* <«1111111 icins, that it’ the two 

particleh are (htmimeally < (junalent to Ih** link 

(1) The hu^^i «►! then ina^si v niiiKt iv. etjii.U t-<) the mass uf the 
link, 

(2) Th('ceiftrt“ of ity of the paitichs must CDincidc with 
the centre of ;'ravity ot tin link the} ri-jutsi-nt 
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(3) The moment of inertia of the particles about an axis, 
through the mass centre, jierjiendicnlar to the piano oC motion of 
the link must Ik- (‘(pml to the moment of inertia of the link'about 
the same axis. 

Ex]jr(m'<i tilge])i.iK‘ally these conditions aVe, 3/ being the mass of 
the inik and mi ami the lespeotixe maw^xs of the jisrticles, 


mi + m^-M . ( 1 ), 

.•.( 2 ), 

+ m/{.r --- J//. ■ .(3). 


Substituting the \uluc of 3/ iioni{l)and ui. found fioin(2)m(3) 
the itl)o\e lelulion will ho obtained. * 

Also, 8uh^tUll^lng tlie x.iliio of w, fioni (2) in (3), 


and similarly 


^r•^, 

111 ,- , , 
f/, + (/j 


.(4), 


.(5). 


There ih no reslnetion on tii<‘ ehoieo (tt tlio ijuantitios d, and so 
that there are an mtimte nuiuhoi oi two paitiolo systems which aiu 
dynamieiilly eiiui\alont to the actual link. AVlum either d, or dj is 
fixed, a paituMilai two pailielo sxstoin is fixed. Jf the equnalent two 
particle system, tli«‘ parlich's l>eing supimMcd connected by a rod without 
miws, be allowed to ovcillate aUmt an axis th!i>iigh one paiticle, jKinillel 
to the given axis tlmuigh the mass <Tiil!e, iIk* di''tarin‘ (di + dj to iho 
other particle is the b-ngth of lh«‘ et[Ui\a!ent simple pciiduluiu. The 
detenninatioii of the baigth of an e(jui\alent sim[ilc pendulum therefore 
f^r the actual link ileliTiomes a distance (d, +dj. and the determination 
of the ]iosition of the mass cmtie of the link h\(‘H the distance d, 
supposing the axis about which oscillation takes plac<‘ is at dp 
The way to find an e<pnvalent .simple pendulum for the actual link 
is to suspend the link complete in c\ery jiarticular from some convenient 
axis. A knife edge iwissed tlinaigh the journal at one end is u.siially an 
etwy way of doing tins Then suspend u ]ilmnb line fryin the knife 
('dge also, as indicated m Fig 171, and adjust its length until it swdngs 
in unison \\ith tin* i\4 If I is th<‘ length of this plumb lino, and d, is 
the distance of thi* mass ciuitix* of the link (found b) balancing the link 
on a knife edge), from the axis of suspension, 

d,-/-d.. 


Hence i*=sd,(i-d,)»did„ * 

and the value of it can be computed. If )f is the weight of the link, 
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its moment of inertia about an axis, thnnigh the mass centre, parallel 
to the axi»of Buspensiun is 

• Tf 

-- X 

9 

Mr Aspinall has had each of the links of the Joy ^oar illustrated 
in Fij<s. 140 and 142 dealt .ith in this maniHT and the roMills of those 
experiments are shown in Table 12. (‘oiisidcniii^ a partienlai (hm-, the 
link US (ff the j?ear, Fl^^ J40, was .siisju-ml* d on a knife <'d^'-,* |assed 
through the journal li The pluiab line whieh i'sedlated m unison 
with it was 14 inches hai^'’ bnlancnu' on a knife ('di^o the distaneo 
of the mass centre fioni the knife eilge w.w fouinl t(» bo inches 
•Hence 

</, = SA'^ = 0702 fool. 

f/,-1 l(;(;-(l7!t2 foot =0;{74 fo..t, 

A- = 0 7!)2 X 0 874 = 0 2!Mi 

The wei^^ht of the link is 85 lbs lii-nre ils nionient of ineitm 
about an axis, thioiigli its ina^s coiitn, perjiendieul.u tu the plane in 
which It moves is 

,,V» x0‘20() = 082 footMinits 

82 2 (j 

Notico that all the dimeiision.s inusl be expn-sscjl m f«‘et. 

The way is now eli'.ir for the <oijiplete solution t*f the fcdlowin^^ 
probhiii. 

144 Find the accelerating forcee in magnitude and potHion 
for the links of the Joy gear, Fig. 140, when the crank pin 
has a Telocity of 30 feet per second, and the crank angle has 
the value 6 degrees. The ^i\en \rlo(il\ eorifSjKuids with a Hj>l*ed^^f 
68 miles per hour foi the en^^ine m ipusiioii, the whi<*ls being 7' 3" 
in diameter and the stroke, 2lj iiichos 

Let Fig 107 represent the configination of tl.e gear, then Fig 108 
and Fig 109 are ivsjK’Ctively the \elocii v -uid ai<'t Icnitiun <]iagranifl 
The scale attached to them is however drawn foj a dank pm velocity 
of 1 foot jier second 

With the present data. 

Vk, Fig. 108, now' represents 30 feot per second, 

Ak, Fig 169, roj)res**iits 30*/1 083 * 830 7 feel jx r sec. ptT sec. 

The centre Iinestif the gi*ar in the configuration deioniiincMj by the 
crank angle 0, and the juirts of the acceleration diagram required for 
the present problem* are re-drawn in Fig 172 and the j>ro{H*r scale is 
attached to it.^ Any line however in the diagram. Fig. 169, measured 
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.til ill.' v.'tli' tn Jt. iniiUiji]i(‘(l bj 900 wili IjWvo the icngih 

iniMsiifcO o;i (hr new .vralr o( the Fig. 17.'^. , 

7'iK‘ Hrih IS (o h<' tiijt in the (nljowiiig way, full j/btntefcioD.'j 
being given ter ihe mIvc et eeni|)leteiie.sH. 

{(i) Diaw ihe ge,u Ml flu* <‘en(igiii.i(r<m coiiespending to the 
given CMlik .ingle ft 

{Ir) hiaw the V( loeitv (iugi.im as in Fig. 108. , 

(r) Ci.iiijmte lieiii tins rlie ladial aeteleiathm of tho various 
{lollil^ seiii-(j||]« (1 111 T.liile i 1. 

(f/) hr.iu the iiec leialioM diagrani as Hi Fig I7‘h 

O') Weigh eaeh link, .uni eiitei the weiglits as iii line 2, 
T.ihle 12 

( / ) (.aleill.ite the lii.l.sses eoiiespniiding to ihi' W< Ights, line 3 

{//) Maik on ihi' diavMiig ot ihe gear, Fig 172, the lesjHelivo 
posit Ions ot I 111' ni.iss ((‘til les ot the links J/,. J/^, .17^, 

{h) Fiml (lie eoih'spuiidnig Jioints /a,, III., w,./a,, //i, in the 
conesjioiiding ai'd leuitloii iiu.vges, ijl,, rs, dv. nj, ..(.f, Fig 178. 

(l) Meusuie olV the .H'l'elel.illolis of tile [loillts /aj.etx'., ami 
onlel the 1 . suits in line .“i. T.ihle 12 

(it Mulii|il\ log. ihei rotiesjiondiiig niiniliers in lines 0 and .8 
(>} T.llilel2 ohlailling lhi'U’^h\ the se\< |,il tol< . s eonipotellt to caiise 
the iiist.iiil.ini oils a«'(‘eleMtiniis ot the lespe.tue lii.uss centies ol 
the links. 

These IdCis h.ive to he iiiov.d p.ii.ilh'l to themselves .1 (lis- 
* lanee c siieh that in the ni'w ]»osiiions iheir moments about the 
lespeelive ni.vss eeiiiies e.m piodiire the instantaiieotis angular 
JU'Celel.lliollS o) (iiellllksol (hee,ai 1 b in e tile Iljt'.Xt Ji.irt of tile 
Wolk IS (liieetnl to tln‘ Hliding ot e. 

{{) Adjii'l a ]iliinib line to swing in unison with each link, 
suspended 111 sit.< e.vsioii tioiii .1 kiiile edge thiougli oiie journal 
Kntei the pbnnlv line lengths in line 7 of the t.ibld’. 

(/)" Kntei in line 8 of th»‘ table tiio distaneo of tho mass 
centres of (he s. veial links lioin the a\os about wliieh ’they wore 
.suspended. This IS tlie diuioiision d^. 

(»a) Subti.iet the nmnbeis ut lino 8 from tho corresiionduig 
numbers in hue 7, finding thus d*, line 9 » 

(^ii) Compute the several values of d,da* line 10. 










Jot OrAB iLtoarRATEO is Fios. 140 asd 142 .Isebtia Fobcb os the cossectisg Ron due to the V'alte Gear whss thb Stkev 

IS O'S U11.E8 PEE HOUA^ 
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(o) Tho next step is to End the tsngentkl acceleration t 
The points whoso tangential accelerations are required are entered 
in Jine<12, anil the actual values of the tangential acceleiStions 
arc placed under them. These acceleratians are measured from 
Fig. 1C9, the lengths to the scale of that figure being multiplied 
by ilOO. Tho lines in tho figutv rovrosenting these tangential 
acceler.itiiius me. t.ikuig thimi m tlm order of the table, 

t,'l t^ Ij Ul ^ (r*. 

(p) The sign III tin- l.ingeiitial ncoeleialinn of each link is 
ontered in line Id. This is deterraineil by oliscrving whether the 
tiiiigeiili.il ai'eelor.ilion «ith regaid to the a\is .speeiticd in line 12 « 
is in the ciMinler-elnekwi.so or clockwi.se diiectiiin. Thus, the 
acceloraliim with leg.iid to tho ceiilro r is clockwise, that is, 
ncgiitiio. 

(fj) Enter tile respective lengths of t he links measured bctivcen 
the piiiiils KQ, Jiti, ]JJ, FFaiid FS, in line U. 

(r) Piiiile the tangential .aeceler.il ions in line 12 by the 
eiirrespoiiiluig lengths in line It, the ipiolients are the eoiiespond- 
ing angular jieeeleiations of the sevei.il links and these are entered 
III line I 

(. 9 ) Though not neeess,uy tm the piolileiii ill h.inil, the mag- 

iiitiide.s of till.iiples neces,s.iii to jiroiliii'ii the instaiitaneous 

acoelorolions gneii 111 line l.d ate eoinpiileil by niiiltiphing cor- 
respoiidiiig figuies 111 lines l.'i anil It) and t). Tho pnshicts are 
eliteicd 111 line Hi 

(/) Compute the lesis'clne values of^-^' =r,from.thc numbers 
in lines to, 15 and 5 d'hese aaienteied in line 17.' 

(a) Through the ni.iss ceiilro nl each link jl/,, etc., in 
Fig. 172, draw lines respeetnely par.illel to Aiii„ Aiiij, etc. in the 
acceleration ih.igniin, Fig 17.‘1. mid then parallel to» these lines 
through ilf,, J/,. etc iliaw linees F,, Fj, etc. at the resjxictive 
distances c,, Cj. etc given in line 17, placing each force to that side 
of tho muss centre which enables it to pnsliice a rotation of the 
sense given in lino 13, sujiposing the link to turn about an uis 
Jthroiigli its centre of mass. All the forces are shown reversed in 
direction m Fig. 172 for rea.sons given in Artiij'e 142. 

Tlius the problem is completely solved. 
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TABLE 12. 

^ Jof Clear. Lancathire and Torkiblre Railway. 

Velocity of crank pm, ,30 feet per sewjinl, com'spmdm^ to a speed 
of 68 miles per hour with 7' I)" drivinj' whisds and '20'' stroke. 


1. Designation of link 

• QIC 

sit 

I)V 

1 rr 

j FS 

Valve 

2. Weight IT lbs 

446 

8.) 

84 

4.7 2.7 

' ;ii-5 

j 

111 

;j. Mjuw — — 

0 

i:l 8.7 

1 087 

1 O'm 

1 40.7 

0 98 

8 4.5 

4 I’nint on diagram, Fig 





1 

f 178, whost' HCfclriatinii 






18 to bo IllOJlsSUlVll 

lll^ 

III. 

/Uh 


nh 1 

5 Aooolorat.ion =* (/ 





1 

1 

Feet |KT sec. per see. 

7 ") 

87 H 

824 

188 

42 8 

j 67.5 

IF 1 


F, 

F, 

F, 

K i 

C. Force, Mis 1 






0 1 

9911) 

H2 

842 

257 

41 4 

288 

7. length of plumh line 

.7 42 

1 160 

1 .7.7.8 

2 787 

1 88.7 


Foot. 

from fromliom/^ Jiom 1' fitnn A’ 


8. T)i''tiineo ofc f)f\miMtv 







of link from a\is — t/, 







Foot 

4 l.S 

0 792 

1 Inii 

1 777 

1 2.70 


9 ,1, 

1 24 

0:i74 ; 0 892 

1 008 

06.8.7 


10 

r, l.S 

0 296 

0-1.77 

1 794 

0 794 


11. I about mass conlro 

71 s 

0.12 

0 182 

2.72 

0 777 


12 Tang'iitial aivclnatioii 

Q 

A’ 

J 

F 



1)00 turn's the valuos in 

about 

alMiiit 

alKMil 

alNMil 

alxiiit 


FlL^ 

A' 

n 

/) 

V 

F 


Foot per soc per sor. 

.'Mi.) 

.701 

227 

81.5 

H5 5 


18. Sign of tangonti.il ao- 







celeration 

- 

- 

+ 

- 

— 


14. L(‘ngth of link. Foot 

6 I6I> 

1 66 

1 718 

8 62.7 

2 88 


l.o. Angiiliir .accelenilion in 







nufians por soo. [m.t soc 







=S Z 

91 8 

801 

1.82.7 

.S7 

86 7 


16. M.agnitude of eouiile. L. 

A. 

A. 

A, 

A, 

A. 


m fo'jt lbs. 

6600 

96 4 

68 8 

219 

28.7 


17. Distance, • 







c^ ~or^. F^et 

(>()():> 

0 242 

0167 

0,89 

0 686 
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145 Bennett’! construction for finding a point in the line 
of action of the force producing the instantaneous acceleration 
of a link, when the directions of the accelerations of two points 
of the link are respectively given. The work of the preceding 
ftrlirle may he slxnlened Itv ii'sing lfu‘ following tln'ormn which was 
giviTi to the author l»\ Mi (i. T lh‘in*oti, ot Kriunanuel College, 
Cambridge. 

Theorem. If a irgid link, liS, Fig 17.}. have plane motion, and 
the direetiuii oi the aeieleMiion of two pomU in the luik be given, as 


R 



Fig. 175. RknmttV O«*s‘'(urmov roii riviuvn Z, a point in tjif 
mm: of A( iJoN ot mb »bbii,i\M vdfcm.’vnsc. 


H and *S*. then, if 0 is the mass emtio of the link, and P is the centre 
of oscillation with n'siniet to H, tlie force w Inch jimduces the instantaneous 
acceleiatioii of the link juisses through n point Z found ab follows:— 

Produce the gi\en diroctions of aceolonition to meet in A and 
join OA. Thioiigh P diaw a jaiiallol to ’'cutting the line GA 
in Z. Then Z is the point requned. 
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Proof. Let y l>e th'* radius ol' j^ynitum ul’ ttir ^M\on link ul>out mi 
axis through its nuias centra at right angh'^ (o tiu- jdano of motion. 
Ami )A the directions of the aceidm-jitions <it tlu' two ]»(mTts li mid H 
be given respectively by RA and /S’J l^ct the iuas> M, of tho link. Ik‘ 
eupposod concentrated into a.s\stein two p.iiiieits one of which, m^, 
is [)laccd at jS'. Then it ha^ lieeii shown in Ail 1 tli.it if the two 
particles are to form .an eipiivalent dvn.'iinic.il s\tin* si'cond p-u’licle 
frtj, must placed at a point Q, wIiom' dist.mee from lepn-'-t nled hy h 
18 found fnan the lel.ilioii 

ah = l\ 

wheie n is the dHt.inei* HR. 


Also the ni.ignitude of in, m 


and the magnitude of m. i.s 


A If 
u+A 

u.U 

r/ fA 




.. ( 2 ) 


Again, let R, P !«■ two otliei pomfs .it whn-h lit* m.iss .1/ might Ik* 
concentrateil into an e<|mv.il>'nt lw<* piilM !<’ s\s((‘iii. R liem:^ one of (he 
points whoso diiertmn ot .nci leiation is given Then if l*H = c and 

GR^d 

e// = /.^ 


Th<‘n‘foie 
from winch 


(/A = rd. 

C A + e 
a ii 1- tl 


,(3) 


Awmme for the moment th.ii llie inagintinl' s of the acei'lorafions of th^ 
points R and .S’ aie known, and let them he le^piv livi-Iy r< juesiuited by 
/, and/, Then, if rA and .-jA ^)s is the acielotalion imagi* of 
the link. Li't 9 m the im.ige, corn spnal with in tin link Tln-n </A 
is the acceleration of the point Q This imi he res.d\ed into two 
comjxments, 7 a and 7 c. res[K'cti\el\ [mr.dlel to tic <ln*i lions of the 
accelerations, »S’A ami RA Kioin this ii will he sren th.ab whal<*\cr 
bi‘ the actual magnitude of tin- accelei.uion tin- magnitude of the 
coinpouent, 7 «, pamllel to if, is such tliat 


80 that 


7a ■ s'il = 17 r5 s= ( — A) (0 + d), 

* J\ul-h) 

. . 


rt) 


Refer these component aceelemtioiia to the particle ;it Q ami it will be 
' ■ 21 ) 


i>. V. 
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seen thiit llu; acci'li't.itiiig fum; jirfiiij; im the link is the resultant nf 
three cuiiijinrieiil tc.rci's, nanicly, • 

m,/, iieting at S m the direction sA, 

Vhijii aetinjr at Q in a direction iiivrallcl to sA, 
ai.ayi) ai'tiiiy. at (J iii a diiectieci panillel to r^. 


The iie\t step IS to liiid the )iositiiiii of the resultant of the two 
parallel forces of this (.roup hv taking nionuaits about the [wint Q. If 
^ IS the distance iioiii Q at which this resultant force cuts the 

bilk RtS, 


>H| /l (<l + ll} 
+ iit.ijii 


.(5). , 


Substituting the respect lie values of miaiul i/;,fi(iin efpiBtions(l)nn(l(2), 
and the value of ryn from eipiation (4), the expressum lediices to 

a=lj(a + d), 


and introducing the value of the ratio i/d from eipiation (4) this becomes 
finally 

T^i + c = (H'. 

That is to say, the result,iiit ol the two parallel forces passes through 
the point f', winch is the ceiilie of osi ill.ition of the link with respect 
to It. If then, this iesultaiit.be piodiiced to cut the diivction of the 
a'liiainiiig component force fhioiigh m is a point in the line of 
action of the foice producing the inst.iiitaiieoiis lU'celeialion of the link. 

Again, since ah-ctl, 

• 0 d = c.6. 


Therefore the points 0, Z and A lie on a straight line. Hence Z may 
equally well lx‘ found by joining (r to A and drawing i'.?, parallel to HA, 
as stated above*. 

It followti that Z may just as well be iiaind by drawing QZ parallel 
to RA to cut (I’.l in Z, so that either of the two centres of oscillation 
Q or P may be used iii the construction as may be found convenient 

This Theorem may now be u|ipliod to find the position of the 
accelerating force for each link of the Joy gear. It will be sutficient to 
exemplify the method by using rt to find the point through which the 


* This Tbeorrm Is slso true if the seiiae of the gcceterbtioa of one of the poiata he 
revereed. For mhlAiice, if shiht the eeaw of tho acceleration of it remaioe itf, that of 9 
ia ohaaged to as, 9 le .till a poiut m the tine of notion of the reaulleut. 
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accelerating fnivc which acts on th(‘ link RS I'm- this (iiiiiinv 

the link MS of Fig. 172, ha-n been re-ilruwii in Fig 170. With thia 
methSd it is only necessary to till in the first ten Inn a of Thble 12. 

Having drawn the acceleration di.igiain (not sliunn in the figure, 
but siipjiosed to be drawn in a position near it) draw tliiongli the jiomis 
R and S, lines respectiveljiparallel to tlo' diteelions ot ucceleiation 
As, Ar, given by the aeceleiation diagr.itii, Fig 173, Maik the position 
of the mass centre 0 on the link. Nest iiiaik olV the ]ioint P so that 



the distance RP is equal to the leiiglh of th" pinnib line which wiw 
found to swing in unison with the link In the pie.seiit example the 
distance RO is 071) foot, and the distanu’ ItP 1 Dai Icet, Ihroiigh P 
draw PZ parallel to the line SO, cutting 00 in Z Iheii the ace. lerating 
force must pass through Z. * 

Tho direction of the accelerating force i.s given by the line Am, in 
the acceleration diagram. Fig. 173, and its iiiagnitnde is given in the 
sixth linttof Table K. Hence the force pr.Klucing the instuntimeous 
acceleration of the link is known completely, in magnitude, direction 
and position. * 

When all these instantaneous accelerating forces have been marked 

20—2 
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ijh Lhf ilnuving, tin* probii'm bocomos a statical (»nn and the continuation 
Ilf till- general Holiitnui i.s given in the ne\t article. * 

146 Find the force which must act at R to balance the 
accelerating forces found in Art. 144.* The nu thod ut .solution 
1 M to consider imcIi link in ordci bcgiufiing with FT, reverse each 
acccleratuig Ibice F in iljicclinn, find the re«ultiinl of all the forces 
acting on the imk, and then afijilv the jirmnplea of Aiticle 134. To 
the HVMtein of tmees /j must he lulded the force /'g, lejneseiiting 
the force nece.ssuy to overcome the acci'lcr.ition of tlie hlido \alve and 
vaKe H[tindle siijifiosed eoncentrated at tlie point, }' Thi* neceasary 
tJumlH'i.s aie given in the la.st column of Table 12. • 

To/g ma\ he nddeil the additional forci* ie(|ujied to overcome the 
friction o| tile slide valve. In the jiresi-nt ciisi*. however, lhn ia 
consideled jo he Zoio because till* olijist l.s to show the terce at li 
due to aceeleialmn alone, 

1. ( otisider the ei|iulihrnim o( ihe link I'l', Kig 172. The 
forces acting on the link are F^ and l’\, known comjiletelv, and T, 
the \eitical reaction at tfie guide of the joint K, known in ilnvc- 
tion only, and the force thiough the joint F altogether unknown in 
(hieclion and magnitude Find the leMiltant, 7f,, of Fg and Fi, 
and produce it to cut-a peipeiidiciilar to I lie line of stioke through F 
in l\. Join J\V, fi\ingAhi'iehv ihe iliieelion of the force at V. 
Tn Fig 174 set out ()a^F„, ah = Fi, and diaw thioiigh h and 0 
paiallels lespectively to J\Fniid }\V in Fig 172, tliiw fixing the 
point c. Then 

j cO IS the leaclion at F, 

he is the leaetion at. the joint F. 

'fhe .system ot toiees, F^, F^, Ui, and be then liold the link FF in 
eijnilihniim. 

2 Coiculir the eipiilihimm of thi* link VJD. The link is 
kept m eipiilihntiiu hj thi* leaction at the joint _^F, that is cb 
(notice the levensal of the sign hen*), the force Ft, the reaction 
at J;mi\ the ivaitioii at the joint ]). Of these forces the first 
two are complt'tely known Find the ix'sulUnt R, of the forces Fj 
and eb. The directions of the.se two latter forces meet in P,, Then 
this n'sultaiit. the force at 1\ and the ri‘actit>n at J, must meet m 
a point IhxKluce t,o ini“et the diixiction of the reaction at Pt, 
which IS normal to the |Wth of J, and joui^ P,D, thus fixing the 
direction of the reaction at D. In Fig. 174 draif be equal to F,, 
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and through e and c draw iwrallcls rfs]t<-fti\cly to tlu* linos V,l) 
and ]\J in Fig. J7‘2, nieeting in / Thou ef ih the tuTo at tho 
jinnt D, and fc is the roaotinn at ./, oalIo<l L\. • 

3. Again, oonsidor tlio Mpiililnmiu of link It is k<-|)t in 

C(|Uilihrmin by tho Ibnv's /> noting at IK a a<-tingaf. 

S parallel to and (‘i^iii\al'‘ij(' to 321b-' {F, miillipln-d b\ tho 

fraction tie- icaotinn at tin- jHinf A’, ainl (ho i<'a< lioii at S, 

wliich'inust bo along tin* lino SF. Tin- ii'iiltant ol tlii* iIuto 
forcesyV, Fi, and F- is AV uIiom- Inn- of aoiitui < nts tin- dii(‘otn)n ol 
tho loaoiiou of tho joint S in J\ .ban lo (ho jomt A’, fixing 
th(‘rob\ tho diioction ot tho lo.otionof (h< joint A In Ihg 174 
Rot out e(f to ropioM-nf F., <jh to i> ptosi ni F- an<l then fhiotigh h 
and /’’dt.iw lino-i paiallol io''|)ri ti\i-l\ in /',N and l\li in Kig 172. 
thus fixing tho point i 'I'ln-iw/ is ih< toi.. .it /t uho'.r niagnitinh' 
is to 1 h‘ ioiind its inagnitiido, iiM.isiind fiom iho di.igiarn, is 
102.1 lbs 

So lh.itat b'S niilos poi hoiii mhIi (1io nioiion in lull foiwanl goal, at 

tli(‘ instant tho laank aiiglo pas'.os iliiouoh (In- anglo S a lor . 1 

102511)8 acts on the iod al lln- joint A to an-ol. t,i(o (In- iiiotinn n| 
tho links of the \.d\i gi-ar aloin- 

At this spot d it. IS \oi \ implobablo thai (In- unitnai w.nild bo In full 
lorv-anl goar, but tin- <-iigiii<‘ woiiM In- link'd nj» so that thojiath FV 
Mould bt- noaioi tho ninl loiln-al position This ]ii*int do<-s nof make a 
niatoiial ditb-ionoo to tlu- ]no}>h in, .uid it h.is l*r. n Miukt d oiu m full 
forwanl gear in onhi to t.iko i xln-mo ooudiiions 

To tiiul tho niaximuin lahn- o| this loio- at li it isoiihl bo noocssary 
to work tint Its \aluo for a soin s of \.iliu-s iif flu- < rank angle. I’luoti- 
oallv the ni.iximiim xaliu* 'd liie lorn- is iiniinpoitant ootnp.irod uithti 
kuoMh-dgo ot its x.dne mIu-ii tin eoniio' ting iod i-. in tin- position whore 
Its inoitia l<Kidiiig duo to its own mass is a inaxinmin ihsaiiw, Mliat* 
ovor this inaxiinuiii loading ina\ bo, tlu- loin- at /.' must llien bo addod 
to it Tho inoiti.i ioiuiing of tho coiim cinig i-xl ma\ ho consuh-roil to 
ix-aoh its most <lang« loiis point mIu n (In- I'xl ts a( iighl .High s to the 
crank, bi-cuiise then the iliroctioii of aocoh-iatioii of nuh ji.utioh' of the 
mass of thi- ixxl is approxiiii.it< ly at light- angles to the ro«l. and it 
becomes hjpded transxoi-si'ly and h.i.s to suhtain bombng stiosbos When 
tho rod IS at right angles U> the crunk the \alui- of iho foKc at H 
works ouj to K35 Ib^ m a dmx'tion nlimist at right, aiiglos to tlio rrsL 
This was dot4)nmned m the manner set ioilh in the proxious articlofl 

147. To And tfte mazimam bonding moment on tbe con¬ 
necting rod, 1^1. 140 and 173, due to ita own inertia and to 
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ihe inertia of tbe vaire gear when the crank and the rod are at 
right angle! and the speed If 68 miles per hour. It wil bo found 
rhat uhcn the crank jh l/ic jK»sition where it is ut right angles to the 
connerting /t*d, the ladia! .ircclcration of Q about K is negligible. The 
(lirt'ctiun (*l the .iccclcration of (J ivNnit K therefore practically 

coinculi's uiih thi* vt'otm npu'scntmg tln' ^im-lenitbni »»f K, the crank 
[»jii Tile \el.)('it) iiiiiigi- iH tlieieh'je a vect'it Ak at light angles to 
the 10(1 Hence the uecehnalioii ef K at right angles to the rod 
IS a iii.iviiiimn and etjiial In w'n. the m-eeliTatmn of Q is practically 
z«‘io and the a< celei.itiori ot n\i‘r\ other point along the rod is pro- 
jxirtioii.d to its ilislance iioin Q In any other ]>oMtiou of the rod 
the compt.iieiif aeecleraiioii at light angles to tlie rod results in a« 
K'liding nioMH III ciavc li.uiiig a siii.ilh r Mia\iniiim \aliie, than m the 
case asMiiiii d 

To find the inerti.i loading of the rod the f.nee re<|iiired for the 
aecehn.ilion of the molioji of <mc1i p.iitiele of the rod nhonlil strictly be 
estnimt(‘d. but to iii.iki' such an c'-iiinahon is i!iipt>ssiUe unlesa the 
weight of tlu* md jKT fo(*t follows a definite law, m \\hii*h case the 
e*piation of the liendiiig niounnt ciine ni.iv l)i‘ found easily enough 
In practice the \v<‘ight jier foot of a connecting lod is ijuite arbitrary. 
For pmeticul piiijinscs. Imwevei, it is ipiile bunicieiitly areurate to 
consider the lod made up ot a seins of eleinmits, and then to aujipose 
that till' mass of each i-lcnient is concentrated at its mass oimtre. Then 
the nccek'JMtioii of the ina\s c^ntu’ of i .leli division is to he found, and 
then tlu‘ force which must net to cause the aceeleratmn of the divibion 
is the prudiicl ol its mass mid the accelomlioii of its mass centre. 

lb should he undeistood that (he accrleiating futees are brought on 
to the rod b\ the two forces Acting at the Clank pm and the slide bar, 
HO that toi drawing thi- bi-mliiig moment curve the rod is to be thought 
of 08 a beam.Mippoiii'd <u ri\ on two supports a distance ajiart equal to 
the length of the rod, me.iMireil tiulu the eentre of the small end to the 
centre (d the lug end. and c.urving a s\stein of concentrated loads, each 
lotul being tile tbiri' reijuind to iiecehuate thi‘ motion of a {laiticular 
division ol the roll, roveisod in dinetion. ^ 

The method is illnslratod ui Figs. 177 to 179. First n curve is to 
bo plotted, c, c, c, c, whose ordinates rejiri'sent the weight of the rod 
jier inch, and whose base is the length of the nxl. The cni^e plotted 
represents the weight of the Lincaahire and Yorkshire rod iiwxl with 
the Joy gear under discussion with sufficient accurticy for the |Rirposo in 
hand. The projection below the hue on the right side of the diagram 
ropreflcnts the flanges of tlie big end brasses. It is more convenient to 
add tlicir weight this Way than to add the weight to tho upper side of 
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Joy Okas iLioOrBATBo im Fins HO asd 172. Bksdiyo Moment Dmor.ih 
roH THS,CoxSECTma Rod coSsuroNuiNo with a syeed or 60 uilea pek Hops. 
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Ihi' cHrif. Tlif irci^ht per flwt lim- is of cniireo the full vertical uniili 
'i/ the di.'ii'r.im. • 

(li¥iil.‘ t))*' ili.iLfram into a stTit-s of short divisions^numhorcr] i 
to 20, not ncco.'^sinlv njjinl ui l(‘n^'‘tli, but chosen so that the rospoctiw 
ni.'is9 c*(‘ntfi’s can be niarkod off Th^^n c«alcNlafe the weig’ht of 
('iicli (Ihjsion and /IikI jN rnaMi cenfro Se^ out tlio acceleration curve 
a,(I,, tf t<n the poMhoti wIh’O- tin' i-Miik and tlie lod are at ri^^ht angles. 
As just exjil.inu il, the aci-eletation im piadnMlly zeio at the^sinall end, 
and a( otlj r («'inls it is pinjiurtmiial to the d^t.ule(* from the small end, 
and is (i)-r at thi- eiank pin Koi (>H niilos pri' Innir with 7' 3" dining 
uhocls aifd 13 inch siiokr the accrlcialnm <»f th(‘ crank pin is, as 
alniuh I'Mindin the picMdiis diagtams.>^30 tc< f persrc. pjTsec. Henci't 
the .ic(c!i't.ition iii.iy he lepicsiaitcd l>y a stiaight line passing through 
tin- small cn<l crntif, .ind Inning siieh an iiiclin.ilion to the* base line 
that the "iditi.ifc at the lug end lepicsi-nls S3t) on some eoineiiiently 
ehosrii s<‘ale. Tlii'ii lioni this curve, scale oil' th<* au-eleratioii of the 
nnuss centie ot i ach ilnisi.iu and imihipK h) the mass (p 1 thednisnm. 
For example, the wi iglit of <|i\ision -S is 154 pounds The |>omt m 
lejileselits the hiass centle ot the division. The ordiiiati' to the 
iwceieialion t'lirve passing through ///, n.imelv n,, mexsiitea its 
aecelcralion .ind scales 350 feet j»ei sec per sec Thu foice letjuiusl 
foi the acceleialion ot this division is tln-refoio 


F~ o5l) X 


15 4 
3j2 


--1()7 Ihs. 


In the fignie the tmees eoiii^poiwhiig to e.-nh division arc wntten 
under the line passing thiough the mass centie nt each division. 

In (udei to chei-k the acc'iiiaex of the woik, the h siillant of all these 
forces may he touinl h\ taking moim nls aln>iit tin' lag end contie aa 
indicated in Table 13,and comparing it with the resultant found bv the 
graphical metlio«ls ahe.uK expl.nmd. I'lom Table 13jt will be seen 
that the sum of the moments is 61.512 inch Ihs. and the tesultant force 
IS 7770 Ihs. Tin icfoje the leMiilanl ot all the foic< s acte at a distance 

* = 10.5 inches iiom the lug end centre. 

< nO ^ ’ 


Neglecting the distiihutmii of the accelerating foives ahuig the ro<l and 
finding the single amderating foice by the gi.iphic.d methods already 
explained, the total toive w<uks out to 772H lbs acting at a distance of 
lOJ inches from the lug end centre. There is tl^eivforc a Vfry good 
agrt'ument lietwoen tlic two results 

The problem now becomes the .static one of drawing the bending 
inoimmt curve convs{xuulmg to these forces, reversed in direction, and 
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TAHLE n 


hierUa loading of the Connecting Btul of the Lincus^ire and 
Yorliifttre tocoumtive. 

M'Siii'iit about 
]>i>t,mco fn ni bit'in.! o. nlro 

P 1 VI 8101 J 

Force 

•lilt’ < ii'i •*) II Uo 

in Dull ib-> 

1 

- y.') 

7(> 7 5 

- 721 

*2 

0 

74 

0 

:t 

KOI 

70 25 

21 IK 

4 

57 8 

(Kill 

:J82() 

5 

52 4 

01 

KI70 

u 

Kl..') 

•*)5 

4ii5() 

7 

277 

10 

l••;5^o 

8 

Iii7 

4K 

7170 

y 

riii 

'Vt 

747(1 

10 

2:i.K 

Kl 

7220 

II 

20:. 

25 

OOKO 

12 

4l!(i 

17 75 

.S270 

IK 

KK5 

1125 

74KO 

u 

jiiin 

11 

IOo2(i 

i.j 

707 

7 27 

5IK0 

Hi 

882 

5 

4410 

17 

H0(j 

2 5 

201K 

IK 

8')8 

-25 

2148 

ly 

1005 

-5 

- 5025 

20 

KKO 

7770 K 

- () 5 

- 220(1 

+ 011,12 - 10100 = Sir,12 


U) thft f<»rco acting (h<- i*h 1 fiiun lln* \aUc .ii ihr joint H. The 
aci’clomting fou-rs along tin* nul. and lln fono from th»‘ valve 
goar net in the sairn^ M*nsi‘ This may !»* dom* m a xaiioty of wuyft, but 
the following metlnHl is tin- oik* wIik Ii im|uii's h .ust IalM‘nr, 

Take*(M, Fig 178, to thr longth of tho nsJ, oentre to 

eentre. Draw a line OZ at right angles to UA. ('aiculate the moment 
of eiu;h«force abou^ 0 , setting out these iij<)nient8 in order from 0 
beginning with that coiTesponHing to diviHion 1. Tlu^e fones to the 
right of 0 , corr('6|i^ding to di\isioiis 18, 111, and 20, have (»p)K>8ite 
moments about 0 to the rest and must be* set out in the opposite 
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(Ijrcctjon all'll^ OZ to thi* inonic/its of the forces on the ieft of o. 
Tile ii'ive coiivsjjoitdin^^ (o division No. 1 is also to be .aefc out u])- 
wanls » 

Tahic Id i,'‘iveN |)ji- tlir/r (Ijs/aiin*s iionj 0, and the corre- 

'.|»cn)diMi( nuMMi'Ui’' in in'‘/i ill*' • 

Tims, d—1 iij>w.ii(K ]» |iii*si-jiis 721 ineh Iks. 

• 1- d ilitwiiw.ink U'jiu'M'nts 21M inch Ihs., 

d—7 dowiiu.inls i<'j)t(‘scuts TloiO inch lbs. 

17 —liS ii|os.ii(ls n-[H('scnts 214'.S inch lbs. 
linally an uni,:.; al j*"inl 2U. 

Ni'vv join |Knrii 1 "ii b* On- |»'int x^, wln rc IIh' (lirectioii of the 
Ibree euMe’'jMirnlin'f In Nn 1 culs l/.l. J<an piant d nu the 

line (fZ Mith |inmt d‘i, wbeic (he (bict linti nt the force d cuts the hue 
Ij'i. Join jMunt 4 on tlm line <)Z ^^^th the ])Oint Jt. the 

(Im'etion nt l.hi* loiee iiiimbn 4 cuts the line 'ii\ and so on 178 is 

t-oo small to show tins, and h” 17!t is diawn lo a distuitoil bc.de in 
ordiT to bhow lj\e jiuinis htelied (.» eleul> 

Finally, J"iii the [toint 20 on thi- line OZ nifh the [Hiint .*1. Then 
..Cl. ..c.H,.. 20 jft IS the b<‘nilin,L,nnnm»'nt dia^n-am reqniied, 
and the \eitieal width ol tlius diaof.un at any point i<'piesentb the 
bending moment at the connspnnduii^ beetion o( the rod. 

To Hnd tlu' addition,d etbel. due to the coniponent ot the force R, 
flt light angles to tile lod. the inagnilmh* of which is S3o lbs., set 
out 20—j? downwaids on tin' line OZ to leprcscnt the moment of 
thh force about 0. This moment is e(jual to 401)15 inch Iks, Join 
Z U) A‘, jiioduci' the Imi' <>l action of the component at R to cut 
tins line in /f,. and join /f, to tlu* p<tint 20. Then the triangle vtJ?,20 
is the bending momeni on (he nsl due lo the component force at 
/i alone. ConHeqm'iitly the total bending moment at any section duo 
to thi' acceleration of the u«l and the \a)ve gear is gjjvcn by the 
verticid width of the diagram shown by thickened lines. 

It will die found by measurement that the maximum bending 
moment on the nxl is about 40,000 inch Ihs, but that th6' section 
at which the inaximuin msairs is not well defined. All the sections 
between c, uii<l .r„ hu\e to lesibt a bending momentOf about thfi value. 

The design of the rod is admirably euitiHl to meet this condition 
because it is of uniform section through the dividfons 8 to ll, being 
1} inches wide and 5 inches deep. 
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The mavimum atresa, / at any specifiod section of the rtxi can 
now be fo«nd from the relation 

M=Zj\ 

where M is the benilinn moment me.ianreii from Ihe euni‘ jii'-t foninl, 
at a position where the m.Hlulii'' of the si'i'iion Z. 

At the .SOl'tlol) will'll' till' bolxllJ)^ lliollli'hl I's il IllilMlllUIll, thf 
value ol‘ 


and M is 40,000 mrh Ihs = 17 MO in<‘h lotis 

Therefore /-=• *,1.* =2 4‘). nu 2.")(Mns]ui inch, 

Thero will thus be a h iisilo i>l' ihis .nnniinl in ill'- ii]ijii‘r of 

strtion ;r,j, and a coiiij)ie^'5i\o stross ol ciju.il .iniount in (hr iowu rdgr 
of the sodion 

When thi'* rod is in (hr lown* })->si(ion and a(, ii”lii .inodes (o 
the crank, the bi’iidiu^ inoinrnl eni\e on (hr rod dnr (o iis own 
in.uiS will hr r\.u (ly the sainr a.s m Fig 17y. but (hr brnding inonirnls 
will bo of (Hipovil,- MUisr Thr rifret of (hr \alvr grar at H \ull not 1 m‘ 
quit-e the same, but wliabvri its niagniliidr its m iisr will rh.ingr and 
will be the HJinir as the srn>r<i| (h*; briiding inomrnt diu' to the mass of 
the roil Thebeniling monirnl eiinr of Fig JTM will thrrefoir ajipro.xi- 
mately repirviit thr total brnding nioinrnt oii tlir rod tor the low’rr 
jMJsition, it being iindeis(oisl that thr sense i>t tin- nimm'nts is revrrsrd. 
Consofjuentlv section .r,„ will now li.ur to sustain a otunpressive htresH 
in its upper nlge, and a tensile sliess m the lower edge. The Htn#<s 
acting theiefore alternates between a niiuinium fmsde stress of 2 o tons 
jH-T square inch atul a maximiim cumpirssne str* ss «»f 2 5 tons |>er 
squan* inch The range of stress is ihns 5 (on pr? Mjnaie inch. So 
long as the ninge of stiesa is within the rlastir limit ot thr nmterial (15 
to 16 tons per square inch for mild st< rl) (hr rod is salr, but to have a 
factor of safet} the range should not exferd H tons per H<|uuiu inch at 
the highest bpt'cd ever reached by tin* engine. 

Whei^thc stress due to acceleration at any pfunt of a given w’ction 
is known for any one speed th(‘ corresjionding stn-ss at any other speed 
can easily be computed, becauso these stusncs vary as the wjiiaros 
of ihe speeds. 

Thus at 80 uu]e%|>er hour the stress/at a*,, is found from 
/; 2‘5 = 68*:80‘, 
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fnnu which 

/=3 4(i tons p«T square inch, 

j'lvin^ ft ran^^e of sin ss of 0 tons per sijuiin* inch. 

The sticsm s dm- ti> lhi‘ ue-iti.i <if the rod arc of course in 

adilition to the stn‘ss,‘s m the lod due to H\e transiULssioii ot force 
lietween the eio-^slii.ul ,ind ei.iiik ]mi, aud to the stiosa caused b} 
the iiioviii^^ of th<- v.il\e .tt,Miiisl liKtiori. 

An\ oilu'i litdx ot the \,i1m‘ oc-.u iiiiu Ik* examined m the'siimo way, 
liemiiio III niind that, the ini-itia loadnu; ot the link is to be coinputod 
tor the [lositiiiii when- It is a iiiaMinum 

It ina\ lie piiiiiled out that it a lod is found to be weak when 
examined for tin* a<ei li‘Mli>>n sticks, no addition is tna<le to the* 
streli;;th l)\ liielel; iiieieasin^ lIs Width, lieiMil.se by dollio this the 
inertia load is ineHMsrd I'xacth in llie sinie ])topoilion as the modulus 
ot tin* SOI tiori, .in<l /leiiiaiiis the s,line Hut it (lie depth of theiodis 

ineieased altlioii^di llie iiieiiia loadiii;; incie.isrs in piojiortion to the 
mcieasi- m| ih jiih, the \atue of / iiii n ase*- as llie sipiau* of the de}>th. 

148 Link motion. Velocity diagram. 'I’iie pieecding method 
may lie applu'd to tind the \cIoeit\ .iiid nceeleiatioii of all points in a 
link motion, lui] iieitln'r the \ehH'it\ nor the aecelciafion diai^iairi can 
he drawn din-elK ns m the easi' of the ,)oy ^eai. It will lx* nmieinhered 
that the position of the link f'oi a ^'Ueii eiank .iiio].‘ can uily be found 
liy ft pfoci'ss of titlnii,^ a feiiqitit*' 'd the link to thiee cmves which are 
resp«rli\ely the loei ot the ends of the eeeentiu* rods and tin- end of the 
suspension link The saim* kind of iliilu iilfy oei*uis in the drawing of 
the vekii'ity and aeceleiation diagiams This may Ik* illiistrab'il by 
drawing the \eloi iiy diagiam foi the position ot the link motion shown 
in'Fig 

Take any pole F, I'lg ISl liiaw Vn at light angles to the 
eccentric (^J.aiid I’/^al iiglit aiighN to the ceci'iitnc making the 
h'ligth «d each of these piopmiiomd to the resju-ctue \eloeitu*s of the 
points A and Ji. In general ihest* will Ik' ea«*h etpial to an, &> being 
the angular xehw’iU of the ei.mk sh.ifl, and r the eceeiitiic^rjMlius. 

The diK'ction ot motion of (he point of the link relutnely to A 
IS at right* angles to the (*ccentric rod Ah\ Draw tlnTefore an 
indetimte line thiough a in the xclocity diagram at right angles 
to the rod .*1^. Again the din*ctioii of motion of the point F of 
the link relatively to B i.s at right angles to thr oocontric t?od BF. 
Draw tlierefore an indefinite line thrmigh b in the velocity diagram at 
right angles to the eccentric rod BF. * 

Again the din ction of motion of the |Munt «S of the Jink is at right 
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angles to the 8us|>en'<ion link US Dniw thcr*‘foi<‘ in the vol(H.*itT 
diagram m indrfinito lini' through Hk* jiolo V at right angles to US 
ThenTjoining S to E ami F, a triangle must ho thund in,the vohK‘it\ 
diagram similar to ESF, placed so that its ^ldc^ aio ai light angles to 



P 



Fig. 181 . 


, Locu/t ifC f 


• • 
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(.h»' rMrrc«]Hin<lin^^ tho tnanjfh< A\ST, and so that its coraere lio 

ujK>n tho imlcfinito litics which havu alread}’ been drawn in t|}io velocity 
dmjjrain. Thin triiingh* €«/ is the velocity imago of the triangle S8F, 

J’v couhtnicting a inanglo on es similar to the triangle ESP the 
pohition of P is found in th*' imago. The he found by 

the following cunhUuclion .— 

Draw any line Ci/, at nglit angles to EF and construct a triangle 
similar to tho trianglt) Again draw any other .bne «j/»at 

light angles tf> EF and construct a triaiiglo similar to ESF. 
Thon the indefinite lino jmnmg the points is the locus of the 
apexes of rtU tile tnaiigles similar to ESF which have the end points 
of their ha^es on the lo<*i of e and /. Therefore tho point 8, where the^ 
line joining Si and’.v,^ cuts the recjuirod locus of s, is tho position of tho 
a|H‘\ of the ic(|Uired triangle. Then 

Vp iH the velocity of the centre of the motion block, 
r,s‘ the velocity (»f th<‘ point of suspension, 

V(‘ the vt-lociLy <if tlu* upper end of the Imk, 
ly (he velocity of the lower end of the link; 
and tho velueily of any point in the gi-ar can be found when the 
corresponding jioint is located in the velocity diagram and joined to V, 
The method need nut be pursued, |mrtieularly as the objects of tho 
ronstmctii)!!, namely the fimling ultimately of the acetderation of the 
various points m order to olitain the faces acting on the mechanism, 
ciui be found with sutbcient ai^airac) for practical purposes by simpler 
approx iiuate processes. 

It may be pointo<l out that the vch)cifcy of the jKunt P in the 
diagram is in tho direction Vp, and this is drawn to a laiger scale 
in Fig. 1H2. 'Idle centi*o of the motion bhick is. however, constiaiued to 
move in a diicction PL It follow’s that tho bhx’k must slide, or slip in 
the link to allow tins to lake place. The duection in which this 
ndative motion la poxsiblo ih jwindlcl to tho tangent to the link at 
the point P. Hence if a lino pm, Fig. 182, bo drawn pamllel to the 
tangent to the point P of tho link cutting the direction of motiop of 
the motion block in m. I'm Ls tho velocity of the valve apindlle, and mp 
is tho velocity of the motion block relatively to the link, that is the 
instantane<fus veh)city of slip. 

149 Link motion. Inertia forces. The link is at any instant 
a beam supported at its ends, with a hwd applied tt the centn? of the 
motion block Tho design of tho link therefore requires that tho 
maximum bending moment on the link should i^e estimated. The 
loiwl on tho link is made up of two parts, namely:—^ 
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^1) Tht> static ibrco rci|\iiii.'(l to luinc the vaKi ag.iinst tlw 
fncti^jD iirisluced by the stcain incssurcs plus the eland friu- 
JioD. 

• • 

(2) The inertia lomlinsf duo to tlu' nw'lotjifinn of tho \alvc, 
valve spindle and |»nr(s up to the motion bl<K'k whuh have the 
same motion as the \'|he. 

The estimation of the first ]iart h not dillimlt wluui tlie form of 
valve is given. 

The second part n'<junes the aecelmatMn <d‘ (Ih- \al\e to ho found 
For all practical purposes this can lx* fijiind at any instant from the 
approximate displacement equal ion (T)). gix.'ii in Article 97. This 
• equation, expressed iii teims of the etpin.ilenl e(‘<x‘iitiir, n 

j: = p cos (fM-) 

\yhcn the crank is re\nl\nig uiuformlv llie .iin^le d incri-ases uniformly 
With tho time, so that if &> is the ani^iihu \eloeify, the angh‘ turned 
through m t seconds is ait, and h'-iief 0 = (i}t Ih'nce 

ar = pCos(fi)t+ \(r) 

Differentiating this with regard to the time, tin* \elooit\ of the valve is 
vssi- = --6>p mn (w?+ \jr), 

and tlie accelcmtion is 

a = y = — (i)^p cos (fi)^4 

and this is a nmMiniim wlu-n to( 4->p = 0 or iHO degrees, in wliich ca-se 
it 18 equal to If M' is tlie weight j)f the viilve and all the partn 

attachisl to it which move with the same motion, reckoned up to tho 
motion block, the maximum accelerating l<ace h 

ai*p. 

<J 

This force is a maximum for a gl^en spc. d whi n tl e link motion i« in 
full gear, since then, p has its inaximuni value. Jt is a minimum in 
mid-gear since then p has a minimum v.ilne For a given Hp(*ed the 
force varies as the magnitude of the radius i>f th<‘' quivahuit eccentric p, 
and if its value Ix' plott<'d on the (mk an estimation of the maxiinum 
bending piomont can soon h> nuvle. 

To illustrate this consider the (Ireat Eiustcm lUilwav link motion, 
Fig. 7^ The leijgth of tho equivalent eccentric in full gear is 
about two inches. At 00 mile.s i>er hour, with dnving wheels 7 feet in 
diameter, the crank shaft makes almost 4'xactly i revolutions per 
second, so that ay is equal to 25*12 and The inaxitnum 
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iw?f4“kTath»n of tin* sulvo iiiul tlio assiM’iukd valve' spindle is thub 

etjiial to * 

, 032x2 • 

w’p = - — = lO.') A tt. per sec. pt*r sec • 

If the \alvc, vaKr spindlr, rtc, wrigli 200 [»iiun<ls, the force required 
for H<*ceh*mtii>ti is , 

' X 10.V:1 = 054 Ihs. 

Thi* torce n‘<|iilri'd to ovi-jcvum* lln* tiictioii of the valve would bo about 
2000lbs. <e(*c Aitirlo24) so that llu* total toice exerted by the link 
would be III the re^rmn of 2050 lbs. The eOect of the inertia of the 
valve and its attuehnieuts is thus si'on to he ciuisiderahle at high speed.* 
A loeiuiiotue would not run m lull geai at <10 miles )K 2 r hour, 
80 that the iiliove example ina\ he considere<l as I'xhihitnig an extreme 
case. The engines of torpi'do boats, however, run at high speeds 
in full gear, and the ahijve example indieates liow to find the loading on 
the link of engines of this t\pe. 

100. Link motion. Inertia stressefl in the eccentric rod. 

Tho maximum stress m an <*ceeritne nnl, due t<i the ineitia loading, 
at a given speed, ni.iybe found by the seim-graphieal method already 
exemplified m Article 147 tbi the Lincashiie and Yorkshire connecting 
rod,the assumption being m.uh* that the end of the (‘ccentiic r<xl moves 
in a straight line which passos Ihroiigh the eentn* line of tin* crank axle. 
The curv’c re])resenting tho ueight of tlu* r<*d would be in most cases 
simpler in fifrm lh,m that shown in Fig 177, in fact for all practical 
purposes the weight of the eccontnc I’od per foot may be considered 
cijnstant, and equal to the lue.m weight of the rod |mt foot, this mean 
weight being calculated from tho ci'utral pvrt ot the stem of the rml. 
Let w bo the mean weight ]K‘r fof»ti)f the lod, 

I the Irngth in feet, 

Y th<‘ I'ccentncity, 
fi> the angular velo<‘ity 

•» 

Then the maximum bending mmm'ut occurs at a section distant 0'68i 
foot fixim the small end of thi* rod, and its value is 

0 065 — foot lbs. ( 1 ). 

^ (• « 

These expressions are easily proviKl. As in Article 147, and illustrated 
ill Fig. 177, the nccelemtion of th<‘ crosshcad centre may be taken 
equal to zero; the accoluration of the eecontrio strap centre is and 
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tilt acceloration of a point aloiiff the rod may lie taken as proiiortional ti* 

the distanoe of the point from the small end. Let AB, Fij; 183, bo the 

rod. aiTd let rc'preaent the aeoeler.il mn of the cent.. the ... 

Btra|X Then tho inertia load per toot, at a dl^taIl(a■ x lioiii the .siiiail 

end, will be—,*'*, the value of which is rero ai tin' small end and 

9' . y 

at the crank end Repreaeiil this latter unanlilv bv llh' --imbol ■y shown 
by 5Z)inFtg 183. Then the problem is reibieed (,, limlmf; the ma\miiini 
value of the bending moment for a beam suiipeiied fie.'lv at each end 



Fig. 183. Rknihno Momknt urp t<i Ivuitia LoAf>iNu. 
AitkoximML Sol.i nyv njii vs Knuvudf I^dd 


niul ouri^iug a loa<l \ai\iiig .is tin* flint.iiifc iroiu tni« su|)|*ort. Tx’t thin 
loatling be tin* tiungli* AlllJ Tlifii tin* wlmlt* lotul 

18 'acting at the (entre (»t gi<i\J(\ "1 tlir inangli* AIlD, \\hnh in.. 

* ‘ f •» 

• > yl 

from the 8U{)]Jurt B. The reartion at A e<tiifs]Knnling U> tliiH . 

Consoler a section KF, flmtant x tmiii ..-I. Then the beiuljng 
moment thm* will bo that due to the n'aetmii at A, tniiiun tin' moment 

of the area ABF. is equal to y, 80 that the load re|>rr8('nted 


a V. 


21 
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tho area AEF is ~ ooting at ? from EF. Thus the bending 
moment is, 

M-_?!!!' 

6 «/■ 


Differentiating this and equating the result to zero, M is found to be a 
mazimiim when * = 1/V3 = 0 58i. Substituting this value of * in the 
equation'for M, tho ma\inium value is found to be OOdSi’^ as above 

stated and the corresjioriding maximum stress in the section is 


Consider an eeceutric rod 4 5 feel tong, centre to centre, with an 
average m'etion inches deep and 1 meh wide. This would weigl:^ 
about 11 jionnda per foot run. Let tho eccentric radius bo 3 inches. 
Galciilato tho lu.uiinum stress due to tho inertia loading when the 
engine runs at 80 miles per hour, the driving wheels being 7 feet 
in diameter. 

At 80 miles per hour tho angular velocity is 33,8. 

Substituting these (Ufa in expression (1) above, remembering that r 
must bo expressed in feet, 


„ . . , 006.5x4-.5'xll x3.3-5*x3 

Maximum bending moment = - .j., ^ j.,--:- 


= 127 foot pounds 
= 1524 inch pounds. 


Tho section is ri'Ctanguliir and*at 0’58/ from the small end is taken to 
be SJ inches deep and 1 inch wale. Tho mixluliis of this section, 
namely, jfM‘, is appioximately 2. Hence the maximum tensile, or 
maximum cnmpiesaivo stress duo to tho inertia loading is 

' ^ = 702 lbs. {ler square inch approximately. 

2S J 


This is a snuill amount, and indicaties that with the deep section of the 
eccentric rods usual m locomotive practice, tho inertia loading is fully 
pi-ovideil for. In casos whore round eccentric rods are used, in some 
typos of modern higb-spood engine, the stress would |H:obably be 
higher because the circular His:tion, though well adapted to act as a 
strut, does not give suffinont depth in the plane of motion to keep 
the inertia stress within small limits if its diameter is fixed .solely with 
regard to the forces it is required to transmit between the eooentric 
sheave and the valve. ,, « 

A connecting rod may of course be examined in the same way, 
and inasmuch as the radius of the crank is so muehr greater the inertia 
loading is much more severe than in tho case of an eccentric rod. 
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ISL StMMM in an aooentrlc rod, a conneoUng rod, oi* 
oenpling «od du« to the inertia loading and an end thruat 
eombfaed. ,When a rod is transmitting a load along it ai^a stmt, tho 
load being applied at the ends so that the line of action of the liuul 
passes through the centre of gravity of every section of the nsl, tho 
stress over each section is umforiuly distnbiited, so that if A. is the ariSi 
of a particular section, and F the end load, the stiess is 

• F 

-5 lbs per square inch 


If there is inertia loading also, causing a bending nionicnt at llii* ai'ction 
of if inch lbs, and if Z is tho inodnlns of tho seclion, the iiiaxinium 
Stress at the section due to the lateral incrtni hmd is 


-y lbs. per sipiarc inch. 

Z is here assumed to be tho same for Imtli ti'iision .ind c<nnpression. 

If the rod be aRsuined to remain perieotly .straight uikIlt the iwlion 
of the bending moments so that no <lcHcction itccurs U> modify the 
condition stated above, the maximum htM’sn at tlie jiartieular section 
whoso area is A and whose modulus is Z is 


F M 

/ = -j + lbs j>er hijuarc inch 
A A 


.( 1 ). 


X 



rig. 184 . Bekdino Momrst doe to TnersT. 


If however the bending of the rod is taken into account it will be seen 
from Fig. 184 that at any section *V, tho bending moment on the rod is 
that due to the inertia loading plus the bonding iiionicnt Fy due to the 
tlirust. Hence the total bonding moment on any SCI tioii IS 

(Fy + H). 

and the relations between the several i|iiaiitities enneerned are obtained 
from the,well-known equation connecting dcfleclion y and bending 
rnmnent 
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thiH ffjimtlon can be solved, tho bending raoment due to the 

iateml l<»uding must be r-xpressed as a function of lu, and with any 
Uvhng this can always be done ajiproxiinately by mean^ of aVTies, 
xvinch serieH being Hul)stitnte(I for M enables the o<]uation to be solved 
by the onliiury rules fni the piirjH>se, 

* K<piation (2) lepn-si'iUs a paiticular ^case (»f the general subject 
i»f struts nr ties wiih lateial l')ads, a .su]»|eet which ha^ been thoroughly 
invest igAled li\ IWi'ssui f’eiiy* A Mui[ile illustration maybe taken 
from I’lolessor I’env's paper ('on''idi‘! a coupling rod of a locomotive, 
of undbrm cioss section, ami weighing w lbs per foot. The inertia 
l<»atluig K given by 

* Ills pel foiU lun, 
i/ 

vvheie ft) is the eominon angular velocity of tho cranks and r the radius 
of each ciank in tect The total inertia load is thuefoic, I being the 
length ol the coiH)lnig rod eentie to ceiitie in leet, 

} ,, 

\m. 

9 

I 


I 

c 



Fig. 185. Brndino Momkvt dck to Tnkkxia IjOadino 


Lot this quantity bo repicsenb-'d by The bending moment diagram 
is a par.d)ola, Fig 185, whose maxinium oidinatu, 0(7, tepreseiits tho 
iimMiniim bending moiuent 

8‘ 

The dotted cosine curve dmwn through the pointSfd, C, li is not gr^tly 
different from the pambohe curve. It may therefore be taken to 

• *‘8tru(t and Ti»“*iod8 with Lateral Loads,” by Piofassur 9ohQ Perr^i B.Bo*, F3.8., 
rMtoio|>Aical MQgauHe, March ISDU. 
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rcpresont tho tx-ndiiig nnimciit curve without iiilroiliiciiig sonsiblt 

error, anithia substitution makes the solution of I'lju.itioii (2) (juito 
simple. Observe that the di.s(ance OB repro.seiits an *anglo ^ in 
relation to tho cosine curve, and since thi.s distance also represents Jf, 
any distance ® represents mi angle ^.r. Hence the bending uioinenl 
corresponiiing to « is given by 

M^OCc.^ ^ ^ e„s 

Substituting this in ei|u.iimii (2), 

* , r 

Tho holiilion of (h)s o*jii,iliit?i b 


/^/ TT 

y / ■ 


X. ‘ 


F 


/v/tt- 

and tho lu.iximum (IoHim imti at ih* < > nlir 

X 

t/wni ' 


(<> O'— 0. IS 


AVtt- 

/• 


F 


The gro.itt"jt h<-niliriL( niomonl is th<‘h f-tu 


/y,„„-t = 11 d 

i 'i- ' 


n 


The qiirtnlity ^ 


t.-KI 


|Ih‘ hurkliMi' Ktid of in nh.i) coliittin (’all 
this P, and llion tin* boinlin;,^ ni-tini nt j-' ^i\i n hy 

/^M P ^ 

H ]F~F. 


.1.(3) 


Divide niinuTator and denomiiiatoi ot tlw (jiiaiif it\ in lh'*Iimrkt't by 
arAi of tho htnit, so that 

P 

tho l^iokHti^ load of llio slriif jut s<|iiar»' inch in the 
jilaiK' ot liLfidin^. 

P ■ • 

•, the hwi jKT wjuare inch due to the • nd thrust 
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'fhcn, if Z is till' modiiliifi of the section at the centre of the rod, the 

inaxiniiim Htresa at the centre, when the coupling rod is m its highest 
or lowest jiojiition, is ^ * 


-, + iS'LiLl. 


.(4), 


that IS, s duo t-o the dinri l^^adin_^,^ nnd the quantity rt’presontcd by the 
w*cf>nd t(nm diu* to tin- iiiaxitnum bonding inonn'iit caused at the centre 
by the inoitia loa<ln»g. This ibrniida may be ajipliod to find the 
inaMmiim speed at v\hi<h a couplmg rod may be driven when the 
ijmxiniiini tstiess at the cehlral section la assigned. Considered as a 
strut, a coupling lod would Jail hi<lev.’aya, tlie buckling load per square 
inch at which this would happen being the highest possible value forj?.^ 
If tins \ahio be ascertiuned and inserted in c([Uation (4), then a value 


of can be computed, and since ^ the maximum angular 

velocity coriespcnding with the assuimal conditions, can bo found. 


The maxniium value of M in expression (1) is hence, compar¬ 
ing expression (4) with expression (1), it will be 8e(‘n that the only 

diftcrunco is in the factor ^ , which is multiplied into the second 

* 


tonn in expression (4). 


Consider a coupling rod 100 1 nches long, 1J inches wide, and 4'5 inches 
deep. The weight of this will be about 22 5 pounds per foot. Let the 
cnink radiu.s bo 10 inches and the wheels 6’ 6" diameter. Calculate the 
maximum stress at the central section when the speed is 60 miles per 
heur and there is an end thiust of 1 ton per sijuare inch, using first 
expression (1) and then oxpiession (4). With the ihniensions given 


With 6 feet 6 ineli wheels the angular velocity of the crank shaft at 
60 miles iwi hour is 

oj = 27’1, hence ai* =*= 734 


Hence 


22 5 X 734 X10 X 100 
224t) X 32 2 X 12 X 12 


»1*69 total inertia loading in tona 


And the corresponding maximum stress at the centre of the ro^ is 


150x100 

8x606 


3 93 tons ])er sq'uare inch. 
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The quantity'p for a strut 100 inches long and inches <ioep calcu» 
lated^i*om*^-^^is approximately 20 tons Hence the factor 


20 


= 105. 


Hence from (1) 
and from (^2) 


p — s 20-1 
/laai - i + 3 !)3tc)ns =4 03 tons 

/mai = 1 + (3 03 X 1 0.)t tons = 5 13 tipiis. 


The deduction of e\j>r<‘.ssion (4)and the working ot the exainple an.* 
sufficient to show the nature of the geneial [ir(l)I«*in ol lat<*r«ll’\ loaiiod 
struts. With connecting nxl.s, <‘\en of simjle form anil cross si'ction, 
• the exact cxprc.ssion for the ineitia loading per foot h complex, and tlie 
resulting work in connection with the finding of y, the detlection, and 
from that an expression correspimding to (4), is t<*dious and hardly 
neccssaiy for pn>blems connected vsUh coiqilmg pmK. connecting roil.s, 
and eccentric rods belonging to hK*oin<jti\eH For in the first place 
the end thrusts are small at high sjM'ed, and in the second place tlu* 
deflections prisliiced by the ihiusts are small, and iherefoie for the 
purpose in view the maximum stress may usii.illy be estimaU*d by the 
simpler method of neglecting the deflection aii<l using (spiatiou (1). A 
series of articles appeami in The Engineer*, in winch the suljoct of 
coupling and connecting nxls w exhuustiv<*]v trea^-d 


* “CoDceoliDg and C'uu|>lmg llvila," 6) y it I'an, I'lu hnyintfr, Vul xcr., 
January to Juq« lUOS. 



OIFAPTER X. 


IlEPRESKNTATTON OF A VALVE DISPLAOEMKNT OURVE BY 
A TUICJONOMETIIKI SERIES 


152 Preliminary remarks. Many Pt!im])lt‘8 have been given 
nbovo of the rcpresi'iitation of u vaho <hs{»lncoment. curve by two terms 
of n trjgoaoini'tiic sjuh's. In f.wt the (hspiaccmeiit curves of all the 
it'veising mutKiujj are iippinximalelv ii‘preseiUe<l by <in equation ot the 
form 

cr^ A cos 6 + Jisin $, 


whore :r is the <]is])laccincnt ol the valve from its central position when 
the crank angle is 0, ami the constants A ami B are loiind from the 
(Inmuisions of the gem. 

Again, the disj^l.ieeinont of the ])ist»tn from its central position 
given by expie.ssion (1), Aiticle 71. may, b) the bubbtitutnai of 


1 — c< 2/? . 


foi sm*6^, 


be tr.ansfoi med into 


wl^idi may be wnitcn 


Pa 7.>3 

A’ = /ec<.stJ- cos2t^+'‘ 

4( 4i 


A’ = A , cos t? + d, eo.s + A^, 


wheix* Ai, ilj and .ue constants i*aleulateil from the dimensions of 
the goal. 

Ihese twft exanqiles are only sjiecial cases of Fouiier’s general 
theormu that an} single-valued peiiodie function of B ^nay bo re- 
privsented by a tiigiuiometiic senes of sines and c<ksineH of nuiltiplo 
angles with.a constant term a(Med. 

R(‘feinng to Kig. RH, it will be seen that the actual valve \liaplace- 
mont curve then- shown in full lines, is slightly different from the 
dotted curve whndi is assumed to appioximately represent it, an^i which 
may be obtained by plotting the expression 

« * A cos ^ - 71 sin * 


W’hero A and B have the values - 1 04 and 152 respectively. 
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If the exjm'SHion were contiiiiu-d tf» a f^’W iiinro Icnns «ay 

, *x = ilo + -d|nia^4- 4 I .cos 2 (^ + 7?,sin^ + //j''in 2 ^^, 

then the agroemont between the nine jiluttod fiom (ho expression and 
the i^tua) ciirv'c would ho nmoli oloscn, in fiiot tin* .i^ioornont hotvvt'oii 
the actual curve and tlio cimo ploKtd lioin the liii^uinntiofrio sen/'s 
can be made exacts provided llioii' aio a butliou ni niiiidx'i of terms in 
the series.* 

Each term however a Cixflidenl su tli.tt if their «ero 

twenty Wrnis there w«»uhl ho twinly corllitjeius Insides the run.stunt 
term ^4^. 

^ There are two points of view (i<>m ulneh to (‘on''nler (lii‘ <pn-stion. 
The first is, gne-n a im ch.inihtn, to llnd a (neonoioi lije seiles which will 
repre.sont the d^pl.ieenient o( any ”iveii point in (he loeeh.unsm iii 
terms of some vaiiahle like the <’j.ink an^de the eneilich nts A, // iM-ing 
calculated from the <lnnensi«.iis of (he hieehani''iii 'Hie an.d\deal woik 
involved in caleul.tting only a few csK-JlicienIs fiom the <liniens)on.H of 
(he ine(‘hanism is so foimidahle th.it geiiei.dly speaking only a few 
terms can he (onnd. 

The second jioint of vnov is. tfiven the actn.d displacement curve 
of a point in a ineeli.inism, t<t find a liie..nr.jia’tin! senes winch will 
repix'sent the cinve. 'fins can he (h-ne joi anv dj''plac<‘nii'iit curve 
providing only that for a given value oj the angh* 6 tlnTC i.s on«' and 
only one value of the di-spl.m ineiit, a eondiUoii gi’uci.dly lulfilled by 
mechanisms used by ejigineerfl. 

In order th.it the m.ittei ni.u lx* Ihoroiighly nmleistood the way 
ft curve maybe built up by ni- in-' ot sines ami eo^lneH, and (hen the 
way ft curve mav be analysed into siih' and cosiin <‘oni]x>nentrt will be 
explained in the next few articles • 

In the following remarkH the .ingle S is evpre*'''' <1 in radians, not in 
di'gree.s 

It may also I»c iiodced tli.at in the illiisd.umg liguies the axis of 
the independent vanabh- B is pho’eil vertic.iDv. instead of horizontally, 
in onW that the diagiains ina\ cowospiind with the general arrange¬ 
ment of lihe valve ilispl.ieement diagiaim It is onl\ m'-essarv to give 
the hook ft quarter turn in the counter-cl«K'kwisc din*' Imn t<^ohtain the 
figures wi^ the ^ axis horizontal, iw in the n.sual mode ot repru-sentatioii. 

The ordinates to a sine euivu are denoted by the iett<'i h, and to 
ft cosiuc^iirve by th« lettei c 

163. A valae 0f the coefficient B majr be found lo that the 
curve, esBiin^^, will pasc through a given point P, whoee 
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ordinate, b, hai any value poBttive or negative, and whoee 
abtclBfa, B, hai any value between 0 and tt. Let s, %nd 0, be 

the coordiiu'ftoH of the given jnnnt 1\ Substitute these iialues In the 
equation and solve fur B, thus 

* V 

sin ct, , 

The lurvo which passes through the point «, = 1'7 and 0,” j is 
shown in Fig, I8G. 


0 



Fig. 188. Sura Ciuive AiursTun to pass Tnnornn onb oiven point, P. 

164. Values of tbe coefficients Bj and B, may be found 
so that the curve 

asBiSlnl7 + B2Sin2tf 

will pass through any two points F] and P,, respectively 
defined by the coordinates b,, d,, and a,, where s, and s, may 
have any values positive or negative and and 0, any values 
between 0 and w. For there are two unknown quantities, J?, and B„ 
and by substituting the values of .s,. and ,s„ fl„in the given equation, 
there results a iiair of siuiullaueoua equations from which i), and Bt 
may bo found. ’ . 

Xzample. 

Lot s, = 3, P, ■= 1 mdian, define the point P„ Fig. 187,‘ 

and s, = — 0'2, d, = 2 radians, define the [snnt P,. 

e t 

Substituting these valuivs in the equation we have 
3 = Bt sin I + B, sin 2, ‘ 

- 0'2 » Bi sin 2 + H, sin 4. 


0 t 
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Now 9jnl=l)'8415, 8in2 = 0'!)l, aiwi sin4 = -075() * 

Introducing these values in the (sjualioiis and solving for B, and B,, 
* • = 1 41, 

fi,= l-98. 

Therefore if the curve . 

.9 = 111 sind+M)8 9in2d . 0) 

be plottol, it will be found to jia-ss through the two given iioint-s 
Pi and P,. 



Jig. 187. fiiNK Curve adjtt^jtrd to fah^ Timouon two nivKN 

POINTS, 1 \ 


The eomponenl curves a» 1‘41 sin 9 aii'l a= 1 2^ are shown 

in Fig. 187 by thin lines. Thu sum the ordinatfs of th**se curves 
gives thj thick curve represented by t't|uutioij (1). 

165. Values of the coefficients B, ... B. ma}h be found 
•0 that the ourre 

■ sB,iln0,4-B,iin204.B, linS^d-.+ B. linntf 

will pM tbrough*n given point! between 0 and w, there being 
one point and di^ point only coxreapondlng to each value of 

Buppoee n is etjual to 7, for jnsUnce. Then the mtnKluotion of the 

• • 
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III I'lii'li liiiiiit mii'ci'Hsivcly ill tin.' ftbiive equation will give 
nevi'ii Miiiiill.iiH'iiua cqiiiilii'iii, ami imni theao eqimtlons *he seven 
nnkniiHii nifillii leiits • 

ii„n, . H, 

iii.'iv !«■ fiiiiiiil 

« » 

U Will n<nv Ik- uiiili rs(n<i<l. that th(‘ nuntbor of tomia in a series, is 
(•(jiuil nt {xunls Lho curve rcpre*^cntefi by the senes, 

[•assi's thioii^rh, iiiid that thf cnetlicieiits j^tre found fronf a set <tf 
MmuillrUieous eniiiiti'»ns et^ual iii iiurabei to the numbei of given points. 


0 



Ouisider I lie Hiibject fiom another point of vu'w. 

Let 0, l\ ./‘ii, TT, I'X' bSK, be an\ given curve, passing through 

the points 0 and tt, anti su]»poKe u points to l>e selected on the curve, 
the ordinafoM of which divide the distance Ix-tween 0 and tt into n +1 
o(|ual juiits. Ehnoii points are shown in the figure Then assuming 

the values of the cocllidonts /?j, /i,. lin to have been found, the 

curve plotti'd from the equation 

8 = /i, sin ^ + /f, sin +.+ sin n0 

will pass thiough the n selected poiiits, or in othrT words, tit? graph 
«>f the fspiation coiucides with the given curve at the « selected points. 
Hotween a pair of consecutive pionts however tWe may be a wide 
divergence between the graph of tlic series and the ^ven curve, as for 
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instance“betweert the points 7 and 8, whiTo the pvon cnrve shoots out 
laterally, upd the graph of the tsjuation is indii'iUod li\ a dotted line 
Adittle reflection will make it clear howeier. that if.the nuinhor 
of points, n, is indefinitely increased, the {rrapli of the .senes, anil the 
given curve, will coincide throughout their wliole leugtli. 

• 

166. To find the valu^ of the coefficients In the series 
• Bs:Bi8ln$ + B3 8ln2^-f-.+ Ba8lnn^ 

when n is increased indefinitely. Tlx* ruMM'ijut'Dri'* of iMcii-asin^r /i 
indetinjtoly is, that tho sem s cijnf.uns .m indclinildv 

groat numlVsT of tomis. ami there is an imletinilrK griMt number ot 
%ef]iiation8 in the eiumll.uieouH het i'r«>ni \\hi<'h the eot'fjicienl-- hiui* to 
be found. 

The analytjral diffimll-KN of milMug surli a set of equations were 
ovcieome by Fourier nnd a tnll evpi.uialion of hm and (he 

application to Heat problems, is gutui in his fiunmiH wmk Th'one de la 
C/udeur, Pans 1822. a translation of whieh h.i.s been nimle by Freeman 
and published by the Pitt Press, (\unbndge, m 1H7K A ver\ clear 
exposition <if the nictho<l of solution ih given in Funner's Senca (uid 
Sphenoid Harmonics*, by W. E. IJ^tTly. 

It 19 sufHclont for our purpose to state the solution. If Jim bo any 
one of the n coclHcii'nts, it.s value is c,itculaled fiom 

d 0 , 

TT J Q 

where f( 0 ) is written for the general \alue of the oidinates hitheito 
reproseiite*! by Si, 83 , 1 'tc 

• Every one of the indefinitely groat nniiiber 4»f eoetlieu-nts in the 
scries may bo calculated fnmi this e\j>ression by giving 7 a in HncM-ssiftn 

the values 1,2,3.n, and perfarming tin* opeiation indicated by the 

intcgml in each case 

A gconu'tucal illustration may Ik* given of tins Sii})po«o the \aluo 
of Jif 18 to be found for the serii'S which lepn-'enta tfie curve OYV, 
Fig 189. The expn HSKm tor/i, is 

t 

Si~ " I /(,fl)siii 20 . d 0 

TTJq • 

Plot the curve OQir from 

^ ^ ® = sin 2fl. 

Then taking i^siifticiently large nunilicr of divisii r. hctw i ii 0 and ir, 

* Pubtiti)ic>4j b; OiuA and Coru|)&u^, BokIol, 


* 
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multiply together corresponding ordinates of the two chrves, (be CKefol 
of the signs), and plot tho pnsliict. Thus • 

. 1(6 X (- no) = - od. . ' 

2 

Then the shaded area, multiplied by iS the value of the co- 

I'ificiont D, That is, the \a!uc of J3, is given by twice the mean 
ordinatc,ol' tho shaded area. This may be positive or negative according 
as the shadid area to the right of tho vertjcal axis is grodter or less 
than the shaded area to the left of tile axes. 



Fig. 189. OsoMUTKicAt Method or comtotino tub tbhk valub or B,. 

In some cases the expression for li„ can be integrated directly, bjit 
in most cases eonci'nied with engineenng subjects the cun’es are of 
arbitrary form and some methoel founded on the geometrical mothi^ 
just indicated in principle must be used. • c , 

In many rases of interest to engineers the successive terms of the- ‘ 
series diminish rapidly, so th.vt it is only necessary to retain the fust • 
few terms. w’ 

For instance, suppose that in a particular case the terms of ^iei' 

f f? ' 

aeries 

sin ^ + + B, 8 in +.+ ^» 8 in 

converge bo rapidly that the fiist three tenns represent the given curve 
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with sufficient exactness. Then, briefly summarising the preceding 
articles, tl^fre ate two ways of finding the coefficients B,, B, and B,. 

One way is to select three points on the curve, and form three 
simultaneous equations with their coordinates in the way already 
illustrated in Art. 154, and solve for £,, B, and B,. 

A second way is to cidculate the values by the general mcthol, 
assuming an indefinitely large number of points on the curve 

The values of the coefficient obtained by the first niethiMl will not 
quite agree with the values obtained by the second metliod 

Thus, in particular, 71, would have one value if thiec points were 
taken on the curve, another value if four punts were taken, another 
if five points were taken, the value graduallv approaching a limit as 
\be number of points is indefinitely increaseii II the senes converges 
rapidly, B, found from a finite number of poinls on a given curve will 
not diflbr greatly from its liinitiiig value found by the general method. 


167 Cosine series. The preceding articles apply iimUUia mu¬ 
tandis to the cosine serie.s, 

c = A, + AI eos d + A, cos 2d +.+ A „ cos iid. 


As indicated by the constant term, the aeries holds for a zero value 
of d. The symbol o is used to represent the ordinates of the oiirvo, 
and its general value may be written/(d). 

If A„ be any one of the indefinitely great iiiimber of coeffleieiits 


A„ = -^ f /(d) cos md. rfd. 
If J 0 

A.-i f/Wdd. 

IT J Q 


The geometrical illustration already given in Fig 189 applies equally 
to a cosine series, providing of course the cosine of the multiple angle 
md is plotted instead of the sine, to find the corresponding value 
of A„. 


The integral for A, merely represents the moan ordinate of the 
. 0 “/(d) between the limits 0 and w. 

158. Sine and ooilna aeiiei. From the preceding article* it 
would appear that it is a matter of indiflerence whether a sine or a 
’tioorine series be chosen to represent a given curve. So long as d is 
'7««lricted ^ values between 0 and vr, this inference is correct. But' 
.h ceases to be conSet if the value of 0 is taken through tt, to value* 
between w and 2t,|S the curves in Fig. 190 show. In the case of the 
sine series, a pair of ordinates correspunduig to values of the angle 0 
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«iiil '2t-0 ore i‘()ual in value but opposite in sign,'consequently iIk 
Cline i( oiiiitinucil Ihroiigh v to 2ir is syniinefrical about thi^point ir. 

Ill the case of the cosine scries, a p.iir of ordinates corresjiendnif; 
to values of the angh' 6 and 27r- 61 are equal in value and tho same iii 
sign.oonscqiiciillv the curve, if continued tliipugh ir to 2rr, is sj'Uimetrical 
aiioiit a hoiizuiil.d axis thioiigh rr. 



' Fig. 190. rimrrunrs or sink and cosine serifs 

I’lic two oases are illustialeil *in Fig 190, where'the curve 0/6ir, if 
U'jaesulUed by llie seiie., 

s - H, sin + lb sin 2d +.+ li,, siii iid, 

« 

bi'cnin»"5 tlu' thick curvo hu v.-UuosS between tt niiU a«(i if ro« 
}»j*esentecl by 

C=;l„ +JiCi>'s(^+al,COH2f^+. + I 

bccoinos th(‘ (billed eiirvi* between tt and Stt 

SnjJ|Hvs(t that tho two .series rejiresent diffoi\nt nnrvcs ^tween 
0 ami TT as &hown m Fig IIU. whei*e the dotted ^rve is 

t 

« = li, BUI d +.+ if, sm lid, 
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and the thin curve ^ 

• c=i4(, + 4,cos0 + 4jcog2^+.+ 4„cos«A 

• • 

Add the* ordinates, obtaining thereby the tliick curie, whose 

ordinates are 

®i = «i + Ci, J", •=«,+ Ci, etc • 

The resulting curve is quite arbitrary in foiiu and is represented by 
the series, 

«= il„ + j 4| cos 5 + a, cos •2ff+ .+ y|„cos iiff 

+ fl,sm5+ /Ijsin 2^ +. + /)„sm)iA 

The aeries on the right is known as Fourier's .Senes. 

t 

1B9. Analysis of a curve, given on a base 27r long, into two 
component curves, one capable of representation by a sine 
series the other by a cosine series. Let j,. Fig Idl.lie llic oidmate 



» • 
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(•hrrfspoiiding to 9, ami .r., tho orilinato cnrrp»iKin<ling iAiv ~9. Then, 
», and c, being the ordiiiateB of (lie comiionent nine and cosm%curveai 


ir, = .«, + c„ 
ITj = s, + c,. 


Jbit in the sine Meiiea, foi the angles 6 and = —«j, and for the 

eesine senes, ej = c‘ 3 . , 

Ilenoj !>i = «i + ei, 

if, = -s, + r,. 

Add ff,+a’,= 

Siditmat ir, - a-, = 2s,. 

Thus by alternately adding and subtiaeting jiairs of oidinatca of 
any gi\ei^('niae eouespeiiding to angles 6 and iw-6, the conesponding* 
ordinates of the cosine series and the sine aeries arc respectively found. 


160 Adjustment of the expressions for the coefficients to 

the limits 0 and 27r. Consider the given ciiive shown by the 
thick line i'y/f, Fig 1112 Suppose the second eoeftieieiit of the sino 
aeries is to he found I’lot the sin '16 curve, shown dotted in the 
figure. lilultiply together coiresponding ordinates of the two curves, 
obtaining the lesullaiit eune 

«=/\fl)ain 

the area of which is shown cioss-hatched. 

Then the aiea ot the sLiip A5 wide, corresponding to the angle 6, la 
.'i = '(.Si + e,)sin 2^ Ad 

The area ol the stiip Ad wideeoiresponding to the angle t27r —d) is 

= ( - s, + Cl) (- sill 2d} Ad. 

Therefore the buni of the areas of the two strips is • 

2s'j sin 2d Ad. 

And the whole shaded area between 0 and 2ir, multiplied by - is the 

TT 

of tho (i.t Bj. That h, the value of i?, J3 given by twiufe 

the mean iuihnate ut the shmiod arc'a. 

S) uibolically , ** 

= - f /(O) hin 

■ TT j (j 

1 i‘-' , ‘ 

imil generally /(^) 

For the second ooethciont of the* cosine series, ^ 

C’l + — «i f-Ci)e(i's==^cfcos2t9 

rt])a'seuL3 the suia ot the aiv.vs of two 8tri|w, correspondiiig to angles 

t f 
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0 and ^v — 0, of a curve ohtjiincd liy nniltlitiuntr nixii!iat<‘h (if tile jjiwti 
curve by •orrcsponding ordiuatee of the cos 2d viii ve. 


0 P 



* Kg. 183. OKOVFTRirAt, HBTIini) OP rOMlTTlNO TIFb IJU’F VAtT'K Op 

niinKK TIIK B\‘'B IH 2fr 

The whole area of the resultant nine imilinilinl hy ^ is the value 

' TT 

of the coefficient A,. That K J*’ equal to twice the uxaii oiiJiimte 
of the ahaclcd area. In gencnil therefore 

• ^ 

* Am~- ( 

tt; o' 

1 fin 

and alflo* A^=: - \ t(0)<i9 

The otvioiw advantage nf the'<e t-tniH is, that a given eiijve need 
not l«' Rnal^siKi iiit" its component fiiiie-muies and iosijje-vi.iiea ciirvefl 
in order to find (!n^c«M-ffien ids 

iDAtruments ca)K‘d "llannonic Analyaerg" have hf<n deviacd for 

U 2~2 
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t ^ • 

luc'iBiiring the values (if the eecfticicnts directly from a given curve. 
In the Harmonic Analyser invented by Prof. Henrici*,a trncil^ point is 
guided ainng'the given curve, hut it records twice the mean ordinate of 
the shaded area. Or put in another way, the readings give twice the mean 
ordinate of the niiplotted curve f(6)am mdby trticing the curve «= f(S) 

A change in the mechanism of the iiif4runient must be made for 
each change in m, and it is constructed so that the Orst twelve 
coefficients of the iiifiiute aeries repre.scnting any arbitrary sine curve 
may be found, si\ of the coefficients belonging to the sine scries and six 
to the cosine.seiicsf 

'I’hero are also siinpliticd uiethods of finding the coefficients irom 
a selected number of points, the .siiuplification arising from tho division « 
of the distance 0 to tt into oipnd parts. For an account of n recent 
nietlnal of this kind depending upon the division of the distance 
0 to 27r into 4ii eipial part.s, see a pajior by I>r S. P. Thompson m the 
Priirenlinga of the rinjticnl A'ocictji o/ Lundini, April 1905, entitled, 
"Note on a Ha|iid Approximate Method of Harmonic Analysis,” and 
also Articles in tin' Klectrieuiii, May 5, 1905. 

These finite-nuiuber-of-point methods only gK'e values of the 
coefficients which appro.ximate to their limiting value. 

161. Qeometrlcal method of computing the limiting values 

of the ooeSclenti .B„, Ag .A„, when the curve to be 

represented by the series 1% given. I'he multiplication of corre¬ 
sponding ordinalea of the given curve and the sine m$ or cosine m$ 
curve which must bo combined with it in order to obtain a curve whose 
area is pioportional to the wlh coefficient may be avoided by using a 
method siigge.sted by tho late Prof. Clifford^ and applied by Prof. Perry., 
cSnpiHise the sheet of paper on which the given curve 1, 2, 3...12 is 
drawn. Fig. 193, to be \vni]i|K'd round a cylinder whose circumference is 
equal to the length of the base 0.;..,.2v of the curvb, so that the 
ordinates Ibiongh the points 0 and 2ir coincide along the line ab of the 
eyliiider. 

I'liiisider a siu.all .areas- xgi When the sheet is wrapped on thee 
cylinder this area, as will he seen from tho plan of the cylinder,5»p}iears 
in an inclined position. Tlie .in-a of the projection of this area on the 
vertical plane is , 

a- X yl- = 3- X pi. sin = a- SI n ft Aft 

* " On a la-w FlaTmonio Anftlvfirr,’’7-Ail«ajcAirrtl Jity 1894. ' t 

f Tho matruinoiit la niado by ('nmli ot Zurich and one form of it la oonatraot«d.so 
that tho value, of hve pair, of cis llioieuta may ho road after onco^nfbins the siven carve. 

$ Peorefdinfft the /nrnloa htuthemattciil h’ocirfp, Vol. v. pp 11 to 14. See also an 
artiole by Prof. Puny in the hVctneiaii, 8S done ISOd. 


f I 
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f * . , • . 

'rims the wholo prnjcctod aroa 1, 2, 3.12 (suitably luterpreted with 

t<» the vertical Hcxile), divided by the distance in Fig. li)3 repre¬ 
senting “TT, iH the value of the first coefficient • 

Due legjird must be given to the Hign-s of the loops in the jirojeetod 
area. Slaitmg fioni 0. consi<ler the eh'vatioivof tho projected curve, 

Kig. t4) bo traced out in tho diieetion 0, 1, 2.12, and place 

ariovv-lic.uls to indicate this as shown A loop the projected area is 
to be fvmsid. led j»ositive when tin- airovv-heads on its boundary jx>int 
hiund in the eloekwiso diieetioii, and ncgalivc’^ when they point round 
in the coiintcT-clochwisf diii'ction. Thus in the figuie, the ari'a of the 
lonp bounded li) the cuive passing tbioiigh llie points 0, 1, 2, 3, 4, 8, 9, 
10, 11, 12. IS posiiive, and tlie aiea ol tho small loop, bounded by the 
curve 5, t), 7, IS negative. 

If the area is measured with a plaiiimeter, it is only neecBsary 
to run the tiacmg pmut loniid the boundary of tlie projected curve in 

the direction 0, 1, 2., (he le.uliiig giving finally the algcduuic sum 

of ail the loops 

To find the si'coiid eorfficK nt, .su{)pose the given curve to be wrapped 
twice round a cylinder whost* cneunilerenca is half the length of tho 
haso of the given cmve. Or what is more ecuneuient in practice, 
MipjHise the diawing o( the curve stictclicd to double its length and 
wrapped twice mund the sjnuc cj limh i used for the determination of ifj 
In geneial, to tiud suppose the diawing stretched to m times 
its length and vvi.ipped louml.the .same cjhuder used fur finding Bx. 
The piojecti'd cuive will wind lound the cjlinder in times, fbnning 
mimcrunH loops. But the aiea juopoitional to is always given 
by guhling thi* tracing p'unt of a plaiiimeter round the boundary of the 

curve in the <lirei-ti.ui 0, 1. 2. The value of if,n is tho area* 

nuoHuieil in this w.iv. suitably inteipieted with regard to the vertical 
scale, divuh-d by m times tiu' huigth ivpresonting tt on Fig 193. 

To find the eoethcifiits of the cosnio series, the onlinatoa through 
0 and 2^ id the given cuive must coincide along the line ef, Fig. 195, 
when the drawing b wrapped round the cylinder, otherwise the process 
is earned out in piodMlj the same way. • 

Fig. 195 shows tho curve piojected in oidei to finJ tho‘second 
coefficient, A.,, m the cosine senes. 

The first term of tho cosiiio sories, A*, is simply the mean ordinate 
of the given curve. 

162. Formulae for calcnlatlng the approiSmate Talbes of 
the ooeffleients up to third multiple angle*. (For the special 
purpjso of analysing a valvi displacement curve of fhe kind belonging 
* 1 am uidebtad to Dr tjUvaoue P. Tiioiiip<t 0 D for the foruiulai oftbis aiitole. 
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to gears which *givo a continuous to Ihi* vaUe, it is more than 

BiifficionWy accurate to divide the distance from 0 to 2ir into six equal 
part* and then to find the senes (whu'h will consist of a constant term 
and SIX other terms) whose gniph will pa-^s through the six jioints where 
the ordinates corR'sponding to (Jti, 120, hSU, 240, ami dUO degieea 
respectively cut the aoIuaNlmplaci-mmt curve o| the \alve . 

The siTleH 18 = +J,rosfl +f-, 1$ 4*1 .i-os 

• + sin $ + H. MM 2t# + y>, sill ;{il. 

The way to obtain these foimulai- is to foim tli<’ s,‘iii-s of suniiltaneous 
equations eoiH'sp<»niling to tin- niiinhrr ol ])oiiiis, and llunsohi- them, 
and this can ho done without dillicuh\ Since, fiowt vci, tin oidinates 
are sji.uaal <50 dcgii'cs apart, they all ot tin in ini's (hi- sin i onuxuiciit 
To inchule this, tlu'icfon*, thaw an oi'linalc at !K) digms and call 

its \alue J'.K). The w.i\ to calculate tin- ..tin i< iits is as l()l|f)w^ 

Write down the values <4 tlic oidinatcs in tin* lolltoviiig .scheilule 
and take their lespcelive sums and dith o m < s as mda .ili d.— 

•<1 -'j -'j 
^ I ^ fl 

Zi z- vj Sums of oidinati's 
d, (/; </j Dltfeieijci s oj ni'liii.iff s. 

Then = + + —0 

- (d, -dj~ 2dd-() 

(i 

(da- d, - d.) 

B, - id, I d 1 :i un 
U\4 

B, = (A,i~JS,-A,-xJ. 

m 

163. Examples of the representation of valve displacement 
irvee by a lerles, neglecting all terms after the third multiple 
angle. 

Example 1. Apply the tnethi«l "f the jitiM’ijiis articli' to find the 
• series represcntinf; the displaeoinoiil. cune, ui.irkod u = 4i', ol the 
Stephenson Link Motion, Fig. hti. Jluidolln teitioal di'.Unoe ITI’mlo 
six equal |)arta. Measure the ordiiiatos. coiri'^poiiding to the imgleH ((0, 
120,180, 240, 300, and 3(10 degreos nmi iiitange theiii in the w hidule 
lorm gneii in the previous ailiele. Thus — 

• * • j-, = -l»8 x,= -0!t9 x,=. 103 

• , X,- 180 i,= 080 x,--103. 

The sums are * r, = -018 r, = -OI0 r, = 0. 

The differences are ^, = -378 (/, = -! 79 d, - ioij 
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Tfceic'fare %= -0-37-^6 — 00017 

il,-l-378 + 179-4-12KC = -l'018 , 

A, = { 016 +0-131-i -6 = 0-<)617 

jU = | 378-173-2-06)^6 =-0-0117 
= (_3-78-1 791-i-S404 ••=-1-607 
. 17,= (-0-18 + 0-13) ^3-464^ = 000289. 

Tho Xj, correH|M)ii(ling to f)0 dc'grees ineasurefl — r74i inches. 

' TlH'rofore - 00dl7 -1 (>07 - 0-0(il7 ^VU) = 001. * 

Th<* diHplaceiiKiit,is thorcturo 
X« - OOlilV -1 OlH cos $-\-0 0017 cos 2^- 00117 cos3^ 

- 1 007 sm (9 + 0 028!) sm 2^ + 0 01 eia 3ft 

When ^ = 0, this reduces to 

X, = - 10207. 

When ^=180, it rcducoH to 

x,,.= +1 0207. 

This confiriim th(* iiccur.vcy of the work, since tin* ii\ia TT w'as placed so 
that the dispiaccincntH bhouM be the same at these two poiuto. 

Example Q. I’he displacement curve, marked = of the 
Allan Straight Link Motion, Fig, 110. 

It makes tin* calculalions slightly easier regarding signs, if tho 
mcasuronnuita aie takfii from u line parallel to the axis 77', but moved 
to the h'fl', n dislaricu a, .so tha^ ail the ordinates to the curve are to the 
right of the axis, and thereli»re are Jill of positive sign. The distance a 
18 then to be subliacted from thi* constant term in the series in order 
to obtain tho coii'itant teim with loferencc to tho axis TT. The 
coePticients uro imt affected by tho position of the axis. 

^The meaHun*ments of six eituidistant ordinates, to the curve u *= 

Fig 110, corresponding to angles tiO, 120, 180, 240, 300, and 300, taken 
from a line tuuallel to TT, but displaced 21" to tho leftmf it, are 
x, = t)55 x»=176 x,-3-77 

X4=4'25 fl„ = 304 x,= 123. 

The bums are - 4 80 = 4 80 «, = 5 00. 

The diffenmeos arc d, = —3 70 dj = —1'28 d,=«254. 

Appl)ing tho tormulac of tho previous article, 

24333 

A,- 0 ootid 

A, = -002 
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The wJmate te^, corresponding to !)0 degnvs, measures 0'94. FTci^ 

• ii. = -001. 

Subtracting 2-5 from At, to change the axis to 77’, * 

A, with regiird to the axis 27'= 2 - 2 5 = - (iOObT. 

Hence the displacement, gi\en by 

• =-00(i(j7 - 1 25cos0 + ()n(,li(ii.is2d- l)(l 2 coa 3 d 

• -1 437 sin (7 -001 .Mil .'Id 

Ssample 3. The ills|ilar'eillent, Cllive conesjinlllllllg to the simple 
valve gear in combination ttilh a locking sh.iti, shoun by lull lines 
in Fig. 52, is 

* 

a; = - 0 024 - 0 tl.").) I'os S + 0 02s:i cos 2f) + 0 02 eos :it) 

- J 075 am l74 0 ltd sin 2<t- tlo:l7 MiitW 

Tho.se expressions may be iiseil to liml the lelo. iiy and the am h riilioii 
of the valve with gre.it .leeni.iij Thus, ilu geiiei.d exjiiessioii for 
the displareineiil is 

*=al„4-i4,costf4-djCos2^4- ... 4- .1,, cos up 

4- If, sin P4- 77j.sin 2P 4.4- H„ am nS. 

Differentiating with reganl to the time .md willing ‘j* = (B-<tlie 

at 

assumed constant angiil.ii- veloeily of the (lank sh.dt, 

»= vl,siii 0 - 2d,sin 2P+ .4- iid„am uB 

4 B, cos P 4- 2/7, cos 2P 4.4 n/)„ cos nP). 

Differentiating again to find the acceliTation, 

. ^=<B’(-d,cosP-4d,co82P4.4l'bl„CoH«P * 

- It, sill P - 4/7, sill 2P 4 .4 ii’/7„ sin nff). 

Applying these expressions to the diapl.iceim nt ciiive iii Example 1 
of the presimt article, 

• V(« ic)(t 018 sin P — 0'123 sin 2 P 4 0 li't.') sni 3P 

— 1 007 cos P 4 0.58 cos 2P 4 0 03 cos 3P), 

and the acceleration is " 

a«o)*(10I8cosP —0247 cos2P 40 105 cos 3P 
* • , 411)07 sill P-011581112P-000sin.'lP). 

• 

164 Vormnl§» for calculating th« approximate viUnei of 
the ooeBcienta up to the second multiple angle. Eixamplei. 
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Bqulvaleat eccentric. To obtain fortnuke for the coefficients, let 
,/i, j,, be the oriliiiatcs corrcspomlirif' respectively to angles of 90, 
ItiO, 270. ainl 3fi0 degrees. Intiodiice tlieae coordinates s^uccebsi»ely m 
the uijuations 

X = ylo -h A, C(>^ 0 + A,mn2ff + /}, sm + /?jsin2(? .Ob 

# 

thus fonniri^ ftmr simnlfancons otjuuiions from which tho values of tho 
eo\cra[ coffHi'M'iits in.iv he tonnd. .Since these oidiimfceH ^are sjiaced 

f)0 (leeii'cs apait, the\ all unss cutlnitf llie coinjwment curve. To 
itK-liule thi.s tlu'iefi.re (ak'‘ .ui oMliiiafo at 4r) degiees and call it ir^. 

No dilJ1i‘idl\ wdl he foinul m soKini^ these lojuatioiiH, and verifying 
the f(jII<'\MMg l‘\)lle^slon Wiiti* down tlie i.ululates m the following 
schedule and (akt their lespeetue smiis .u)«l dilVeiences au judicated. • 

a'l J-, 

J't 

c, Zi Snnis of oMlii)at«'M. 

</j {{. Dirteieucen oi oidin.itcs. 

Then (j,-hr.)-^ 

J, = -(/,-2 

yA= </,-2 

fA ~ “ *10 — (.'11 + ./A J ^ * h7 + ^*4^. 


Example. Ajiplv the.se expressions to find the* values of the 
coefficients in the ease of the displacement cur\e, marked of 

the Allan Link Motion, Fig IJO, winch luus already been analysed in 
Example 2 of the previous ailielu up to the third multiple angle. 

^ The values of the oidmales, inejisured ironi a base 25'fiom TT^ 
Fig. 110, aic 


.»,= 0 94 

11 

j,= 3 79 

a-, = 123 

fi= 473 

^, = .'500 

2 35 

d., = 2 5i. 

-•!» = 

2'4325 

il, = - 

127 

.■!.= 

00(175 

fh = - 

1425 


01d2J 


Rubtrarfuig 2'5 fnmi Ar, to change the axis to TT, 

With leguid to the axis 77’*2 4d2o- 25« — 0075. 
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[cnce ' * , 

« = -»0'0(i75 -1-27 cos + 0 0C75 cos -1 ■42ri sin 0 

• .( 2 ). 

When ^ as 0 this reduces to o' = - 1 -27, 

and when = lS(t it 7(.‘(luct‘8 ti) «; = + ] 27 . 4 

It wiil be noticed lh.it iho constnnt tetm A,-, i', and o]hi.ihii. m 
value to ttfe C(K*Hieu-nt of eon 2<^. i>. oiil\ (he win u tlie valve 

IS set 80 that llie displacements at thr di.id points .ik upial and 
opjiosito. In the f.iniil\ »it di.spl.iei-ini n( l•n^\i s lieloiitiiii:^^ ton ir\rjsiuj^ 
motion tliiTe is oidy one curve to vvinch this coiidifion stnctlv apphoM. 

I The axis from which valvi* dHpLiconit n(s .m uu.iMned m (he caw* 
of the curve just an.d\srd doos iioi coincHh- wnh thecruluMjl osrdla- 
tioii (►f the curve, or in hut wnh lln* cintn' ol --s, ill.il mn <»! uriv one 
of the family to which the mive belongs It h dniwu to lasi-ct the 
honzont-al di.sbincc belween the j»oints on !h< nnd-if(,u di'*pl.iiemerit 
Ciirv(‘eorresporidnii; lo the dea<l )i(unK‘< It llu* e<piili<in of the ciitve 
had been refemal to an axis passin*' ihioiioh k.h ciiiiic ol ♦>sc*illu1ioii, 
that 18 , an axis hiso<*tin^ (he hon/ont.il ilist.uico l^etwoeii (w<> jaants 
marking the ends of the niaMtiium positive .tnd miixniiiim negative 
onlinate resjiectively, there would have been a slight dil)»-rence in iho 
value of the constant tenn A^, In the consnlei.ition ot (In- displ.uvment 
curves of a link motion, it is more (oiiveiin nt ti> u for them all to 0110 
axis than to refer each bi one axis through ihi* centre of oscillalion, 
8irice each curve has a dideieiit centie ot oscillation. 

This displacement curve 1m.s now lieen anal\s4;d in thnv ways. In 
the first way two tenns onlv ot the h nes wi-n* ohi,ime<l and the 
Cfwfficionts corresponding to them win- cahiilateil from the dimensions 
of the gear In the remaining two < .l«^. tin- actual displacement cui't'o 
has been analysed, and tour un<l ."ix Lei ms li.ive b(‘ori respectively 

TAIiLK 14. 


Allan Gear-ConsUntts for full Jurwnul disphfcmeut curve. 


• 


j, 1 1 .1, 



H, 

Art.'104, j^e.203 
Art. 133, page 345 
Art 164, piige 347 

• 

-OOfitH 

• 

— #0t>7r) 

-1 26 I 

-125 - 0()ii(i(i -002 
- 1 27, + 0 00751 

1’42 

-1 437 

- 1 42:i 

0 

+ 0Hi25 

-OOl 
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• * ^ • 

•retaiiHHl, and m addition there has been a constant term. It is 

instructive to coinjiaro the several values of the coefficients,sbearing in 
miml the si*h.suuiw‘ of Article 154. , • 

The wencH (2) written in its general form, namely, 

- A„- AiCos + /laCos 20 - jBiKtn ^ + BaSin 20 .(1), 

may l«‘ redm .-d to ft form which is useful for certain pui’ptiseH. 

Tims,gioujung the 0 imuH togetlier, and the 20 Wnna Wgether,and 
imilti})l\ing and dhaling the 0 1.4'rms 1)\ the^squure root of the sura of 
the Hijuaies of their nM-fhcirnls, and doing the s-une with the 20 terms, 
the sriiea in.iy he wiitteii 

ic = -jl(, + p,cos (0 cos {20-^3).( 2 ), j 

wlieie Pi -B,-, 

p,--VA,H/V. 

t4 = Un . 

■‘'t* 

Ftg. 106. 


i 

! 

i 

i . K. 


Tlf. 107.* 


EomVALKNT Ec'CKJniltC WHICH INCLUDRS tub SEpOKD HAKHOtim 

This shows that the displacomont, x, is the ijeitor sum of — A*, 
together with the projections of the equivalent t'ceontric pi whose 
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* ^ • 

angular advance is and of the equivalent oocentric p, whuae angular 

lag is +,,4lie latter eccentnc rovoh irtg twice as fast as the cniiik. 

Let OK, Fig. 196, rcprc-si'nt the crank at the 0 d('gree4ili'ail [loint 
Then Oa is the position of the fii'st cquu.ileiit eccentric, and adding the 
second to the end of this, ab is the corresponding jinsiiioii of the sisaaid 
equivalent eccentric. Adding now 4c, to repre.seiit (he eonst.inl term 
— At, the vectoi Oc represents the single eqiinaleid ecceiUiii', whose 
projection pd is the vahe displaeeiaent, .r, at the ilead jioint. 

When the ciank ha.s turned Ihrcpugli the angh- tt. Fig l!ir, the line Oa 
has turned with it thioiigh the same angle, luit (he line iib has tuimd 
through twice the angh' $ from its initi.d position The vi’ctor be 
remains unchanged in ilirectioii, so that the line Or is now tlm single 
*equiv.aleiit eccentric whose jinqis'lion Od is the \ .al\e displ.iciuiieiit corre- 
aponditig to the crank angh- d 'I’hiis the single epjiiii.dent eccentric is 
changing continuou.sly both in iiiagititinh- anil aiigul.ii advance. 

IGfi Modification of the Reuleaux valve diagram to find 
the displacement, x, for a given value of the crank angle $, 
when the displacement is given by 

x = -A,-piiin(^ + 8j-p,iln(2d-8j . (1). 

Mr J. Harrison has inodiHed the Iteiileaiis diagiam, <h‘seiil>isl in 
Article 53, so that the vahe displaeisiient iii.u he louml appioximately, 
directly the crank angle is given, when thi' displai'ene iit i-iirvc has the 
above equation, providing that the nwliiis (p| the MsMialarv (s|imalent 
eccentric p, is small eomiared with p,. The displae.-iueal is measin-ed 
from the central position of the vahe, ami in Ihese ciiciinist.iiiees the 
constant A, assumes the a|)proxiinate value 
“ p, sin (24, + 4,), 

as will appear presently. 

Mr Harrison’s construction is ns follows 

With centre 0, Fig 19H, and radius p, describe a cireb'.aiul let AA, 
be the line of stroke, CA eorrespoiidiiig wilh th. />■„• po.siiion ol the 
crank. Sot out the angle ACIJ Is-h.w ('A and e.pi.d hi 4,, the angle 
Jl,CO er^iia! to 4,+ 4,, and make CO ispial to ip,. Diavv OP at the 
given crank angle 6 with CA. Jlnqi a ])iu[H'ielii'iil,ir fioni 1 on taJ)D, 
Then the length of this isTiHUidii iilar, namely J‘.M, is vei> nearly the 
diaplaconftint,«, of the valve, cjriesiioiuling with (lie given angle d. 

For, denoting the small angle VPO by fi, 

• ' Fir=Ci'siiijifCi’ = p,sin(4, + d-/3), 
amf expanding thib exprossion, 

PM - p, Hill (4, + d) cos /S - p, cos (4, + d; sin ,8 .(2i 
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[c» 


That is 


CO _ sin cro 

It ~ mu CUP' 

2/>j _ sin 0 
p, ~ siu (,8j + Sa - <*) * 
so that p,sin^ = 2pjsuitS, + 8j-^). Snl)».iluting this expression for 
p,8in 0 la (2;, anil writing unity tor a»0, since 0 is small, 

I’M = p, sin ((i + ?,) - 2pa sin (?, + 6) cos + 5). 

Splilting tile pro'lnct of the sine anil cosine into the sum of two sines, 
7’,lf=pisni (fi + i,)-p,(sni 2S, + S,)-/)jsin(Sj-25), 
or — I’M =p,mn ^20, + S,) — p, sin (ti + 5,)- pjsin (iff — S,) . (3). 



Fig. 198. II iinnsiis s HoinrieiTioN or the Kkulehui uiaoham to ,• 
ISI trOE THE Hkco.xd ilAKHoma 


Coinparing this expiession with eipiation (1) at (ho loginning of the 
article, il is appau’iit tli.it ~1’M is cijual to tho displacement ic, 
provulcil that the constant 

rl, = -p,ain(2?i + 3,). ^ 

Kefeiiing to I'lg 1!W ag.iiri, it will be seen that tho”conat*nt A, is 
iTjuiil to half the peipenihenlar distance from 0 to iJD^ • and sinca DDt 
la adiami t'ei, the m.iximinii displ.Tccments are equal and opppsitc, that 
IS to .say, the |iei|K.'nilicnlar I’M measures the displacement, ®, from tho 
central position of the v.ih'c. 

Tho displacements nt the dead points are uneq'ual, hence the valve 
niiist have imeqnal laps to obtain equal leads. If the constant A, 
is zero, the line DD, iiiiist lie ix phiccd by a puiiilleT hue bisecting 00. 
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This would bo the case fcirdi.ii'iiimsjiiMuir m n muuIui way (he m'I.b it,^, 
and nccelaration of the valve 

Thfe displacement of thi' piston from its eeiiti.d posiliyn may also 
be obtained from a iliaomm e,>nstnieted aei-.,iiliiio lo (he ahme lule 
suitable modifications beino made m (he i.dm-. p,. p,. and ^ 
Thus, referring to Article lo2, it will be .van ili.ii ihe dis|il.ic, menl 
the piston from its cential jiosition is giieii iei\ iie.oly hy' 

. 

0 



Tig. 100. PlAOR^M Fi'U PlHTON 1 U'-Pf ^ri'MrST TO IS<TAMlK 
THK fiK( i)\D II 

i^^hanging th^ oosmcM td") sines, and writmn u Im lii" iali<» 

Comparing this with cijuation (1) ui tlii" eiiti' !«•. ii will bt* .moii that 
Pi-~ It, 

n 

g, rr - <M)\ 

S, = -1»0'. 

The diag^ni thiifl tako'i the fonn Hhnun in Fii; 100 . wIh'TO (rA^li, 
ACD 18 the angle ^1 "lOt out alwixu (M Uoaufwf g, is negative* 

* A diB(;r«m mmilip: W Fig. jiuldinh^iJ ut i.ttjfnii.irmg, hov. 22, IgHll, by 

llr O. A C Bntuiine. 
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, The line do makes with CA^ an angle 8,+ 8i“-’180degrees; ntd 

CO is made I'qual to ^ , 

The crank is tmw supposed to revolve abolit the point 0 and 
continuously in length, so that when it stands at the angle 6 witl^Oid, 
Jpjtf, the j)er|s>ndicular from P to Dl)^ is the displacement. 

The, point 0 may he found at once by the geometrical method 
already used, namely, with a radius e(|ual to the length of the connect¬ 
ing red draw the arc, shown dotted, thniRgh the points D and D,, 
cutting the line of stroke in the jioint 0. The distance CO is equal to 

^, as will bo seen from Fig 68, supposing d to be 90 degrees. 



Kg. 900, TTAiiitisov’s coMBiKATion of thk RitnLaAiix Monmnn DtMMt 

WITH THK PISTON DIAOUAM TO niRU A VAl.VK IllAORAII IN WHICH TBK SaCOND 
IIARSIONICS PROS UOTIl THE PISTO.V AND THE VAOVB OEA^ ARE INCLOOEIK • 

If the two diagrams, namely Fig. 198, and Fig. 199, be superpo^ 
SO that the isiint 0 in each coincides,and the horizontal line AA^ in t]^' 
one is parallel to the horizontal line A A, in the other, a valve diag^Ha^ 
is obtained from which the simultaneous values of .^e valve ,aad pUtoif^. 
displaccinents may be obtained. This combination of the twodii^gn^b 
is shown in Fig. 200. where also the steam lap line SS' correspondingi 
to the instroke cycle is added. 
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Summarising‘the two preceding rules (uv dr.i^Miig th*Miiagrains, tht> 
following-is the rule for the combim.d diagi.iin ~ 

* With,centre C, ami mdiiis li di.in a eiix-le the 

cmnk circle. Diaw .iCVli, the line of stnik(‘. Make f'/V fijnal 
AC 

to '21^* S'-'t out the angle AOCj eijual le e,+ niaking 

equal to 2 p, With centre C, and i.elms p, diau the \al\o eireh-. 
and d«iw the di-uin’tor making u ingalive angle with 

C,A. 

The cnvnk is now Rit|)|)esed to revoI\«‘ .ilnmt tin* peinl 0, ami it 0 is tin- 
angle it makes with the line of stioke, PM is the \aKe dispkneineiit 
acorrespcvnding to the jiistoii ilisplaeeincnt ^-1/, 

Thi-piston disjihn eim-nt may be pioji eli li upaaids. as slmun onto 
the line the jxnnl Jf inaiking the <•< nlie ..| ih.- s|i<.k. 

The lino >S'<S'j ]s drawn p.ii.dlel to at .i <li>*tann tin h liom c qiial 
to the steam laji for tin- instioke. 

The point of (ut olV, 'I\ m thus atanna o]>l nin d li<aii I In- diaL^n.on l'*v' 
adding lines parallel to 7 )/^ eoriesj,.,ruling witli tin- sti mi lip tor tlM‘ 
outstroke cycle, and the tuo exhaust laps, all tin «stn1so| tin stroke 
can bo found from the <liagiam 

Mr Il.iiiison iiomts out that tliis diagi.un mdn afi s ilie ecaniit n.iis m 
which a 26 term in the \al\e eurxe ternls to ronert tin- nrcgiil.niiies of 
steam disbiibution due to the Hnile length oi iln-eonm i lingiod. 'Phus, 
fiom the diagram it will be appaieiit that, it lln [Hslon ami \al\e eij. l.-s 
w'ero coincid<*nt, tin- distnbutiori won) I lie s\ nmii 11e ,d in the two 
cycles, with (Sjual laps. The i-omlitions lli.it lln. iwu iinles may be 
coincident ore 

( 5 i + S .)-0 


and 


Or again 


^nd 




-Pj 

4« 


(2i + 5j)“+ IStt degrees 




Pi_ 

4« 


23 



APPENDIX. • 

.MF:\sri(f:\ti:\T or the antuilai! advance. 


A.s.si'MrNn till' to lio |ircoi(liil with a tlywhoel or ciiink 

(li.'io, turncil im thi' niii, tlio lollowin)' iiicthoil in.-u' ho uaoj to find 
tlio an)fular iiilMinco with (^riMt .■tconiiify. 

U.Hiii}' a tmmiiii'l of thf kind ilhistralod in Fij,' 10, iiiid in the way 
exjilainoil in Art. li), [iiifjo IM, inuik the dead jioints of the valve’u 
motion on the valvo upinille, whil.st tho engine is being Kiiwil round. 
Fix these points by Miiiill centre dots and bisect tho distance 
between them, iilaeirig a centre dot in the mid-poaition. Then, holding 
tho trammel against the spiiidlo whil.st the engine is being barred 
round, .sto[i the bailing when tho trammel point drops into tho middle 
of tho throe eeiitro dot.s. The engine now stands in tho position where 
the valie is exactly in the midilh' of its ti.ivel. Psiiig a trammel of tho 
kinil shown at. DC, Fig :)7, page .5.5, mark the rim of tho wheel (not the 
as indicated in Fig :)7) and put m a centre dot. Call this dot 7. 
Asauming the crank web to be accurately machined, bar the engine 
ttuind again until the cr.iiik stand.s vortical, tho vortical po.sition beiltf 
dsrtermined by a spiiit level sipiare held against the web. Mark 
the iim of the wheel with the tranimol and put in {j centre dot. Cdll 
•tdlis i'. Thi'ii, assuming an infinitely long eccentric rod, tho angle 
o.spoiiding to the arc VP IS the, angle between the crank and the 
l^'ntiic ladiiis, since the cecentric radiias and tho crank radius were 
i'tlieir rospeclue iertic.il jmsitions when they passed 1110 gramme! 
pt, wdiieli mill be imagined always held against the wheel rim as an 
Tu fiiul the angle, conespoiiding to the arc PV, measure the 
mfeix'iieo of tho wheel hy imsans of a tlim steel tape,' and then 
are the length of the aic P7. Then 

2-r xPF__ ® . 

ciix'umfeix'nco 

t 

le circular measure of tho aiiclo, and this can be converted into. 

<, ” e t < 
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tjegrees by the multiplier 57 296 or by the use of a table friv,.n ii. most* 
^books of fcathematioal tables. The result, should be eoiieeted for the 
obliquity of the eccentric rod. and tho luelloxl of doing this will be 
dearly seen from Fig. 201. 



The figure .shows the position of tin* forr-nfrio t.hImi'. OS! when 
tha talve is in the niuhllc of its tra\fl. (he (yciiitiic n«l SA* being 
.taken very short in order to exagg«‘i.if<> the oiioi Lot V he th^ 
p«Wtion of the centn^ dot mado on tho nm of the kvli< cl, or crank disc, 
when the valve is at tho centro of its tr.ivel hjt OK n-pH'seot 
the orank. ^ 

Then when the crank is turned into ihc \crfic.d jK*sition. 
t# O Ers, th e crank shaft turns through the angle KllKt = 0, and M 
tmminef^int will then mark tho puiil I’ on Ihe run of the whoal,^ 
that the arc i-’T divided by the i.idiiis of Ih" wlii'el, me,inures the angU^” 

' tniii anglosis clearly leas than the angular lulvuiici' b\ tho angle a. 
e.latter angle may be calculated by moans of oi{iialioii (5), jiago III 
inaertio^the proper^tio Isilwoeii the eoconlrie railius and the 
triopid for n, and patting/=0, obtaining thu.s the angle botwcufl^ 
eccentric radius am^the lino of stroke when tho v.alve is in ii 
powtion. The angle « is lound by subtrattuig 90' from thin, 
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Mechanisms 


If the enfpno ia a verticil one the dot P is to be made when the 
■rank webs are in the hnnzontal position • 

In an V'tiial ease the distance between the two dote P Und’ V' ' 
neasiired In’ a steel ta|ie laid flat on the rim of the wheel, is 82'25 
iiehes 'I’he eiu'iiinference of the w heel'meivsiired in the same way 
3 227 2") inches. lienee the angle /3 ii^ degrees is given by 

- 00705 -= ldOi degrees 

I’hi' ratio of the length ol' the eceentiie rod to the eccentric radius is 30 
.0 1 . lleiiee from eipiatioii (.')), page tlti, 

eosfl = 3O-\/!)()T = -001fi(i. ^ 

riiis is the cosine of an angli' of fill degrees .57 niimites, so that the 
nagiiitiide of the angle a is .">7 ininiiteH. Call tins I degree. Then the 
rile angular iiilianee is l.'ill degrees. 

If the eiank webs ale not machined areiiiately the mark V may be 
ait on the wheel lini when the piston is m the middle of its stroke, the 
■ngine lieiiig set m this positnai in exactly the same way as that just 
■xiil.iined for the valve. 'I'hat is to nay a trammel must bo naatfe 
mil the dead points of the stioke marked otf with it on the piston rod 
IS the engine is buried round. The di.stunee between these twq ji 
8 to be bisected and the engine then barred round until the 
loint drops in the middle (Jot. The mark P on the wheel will : 

■ase not coriespond to either a vertical or horizontal poBition'5 
mink but to the. eiiiiik [losition corresponding to the middle | 
he piston. A coiieetioii must iicconlingly be made for the oblilj 
;}u‘ coinu'ctin^ rod It onii ('asjly be awn tliat if 9, is the an 
die ecceiUne shea\c in. ikes Mith the lino of stroke when the ^ 

.ts centiiil posithni, ouloul.itfd fioin equation (5), page 116, 

\ngle which (he (‘lank makes wfth the hno of strok\3 when the| 
ill its central also caleidaU'd fiom equation (5), page ] 

the true angular advance is 

Q, as befbri', l•e[)lesentl^g an angle eijual to the angle subti'IKuSTby lEo 
arc /M'. .Tills latter methiHl is the moat accurate of the three method* 
given (naiiu'ly one on |w\ge oS an<l the two above) because respec* 
tive trammels tix the central position of the piston and the valve when 
both have the maximum velocity mtiu to the cranjc pin. ' <b 

In ap]dying this metluKl eiu'e must l)o taken th,at when the Qnmk 
shaft IS turned, the valve .spindle and the piston nove away ihim their 
mid-positions lu the wimo ditt'ction, otherwise the angular advance will 
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be DeariJ 180 dc^freea wrong. Also th« ongino mttst lx* Innii'iJ 
if) ono direction. If ia phicing the tmmiDc) (hr tiiid-jxkMtKm is 
• ov^rsl^t, the engine must be bjirn.sl the \v)i«»le way nnmd again in the 
same dia*ctioi. If this jxant is n«»t uttomhd (<i tin* s|iu*hiu'.>'' in (he 
joints of the gear introdua's m'iimIiIo »Ti<»r into (he result 

When the cmnk shall caiiying tin* sheave, ke\<*(l in its |aojM'r phu'y. 
isdotiu:hed fnan the engme^the angulai juhanee i>f the sheave nmv lx* 

measured in the wa\ illuHtrat«‘<l in Kig 202 The eiank vhaff is lo lx* 

f ‘ 

supported in V hl<K*ksand tlu* crank {ila'<d hoM/onudly. A line.string, 
or bettor a picc** of Hat steel like the mah ii.i! us.‘<l im* sti-el ia[H*s, is 
to be hung o\<*i the sheave with sintaiih' Weights attarhed to the fn*e 
ends. A similar slung (U tape is to he placed o\ei tin' cnuik shall 



^Ig. 302 > Tiik Skttino op \n KeepMinr Sitpwr 

edge, or strip of vvcwhI or steel, is tin u hi Id near the Kliings 
ftlfd tiss lines, comenh-nt with tin- stiings thiouL’ti ihe points «. c, d, b, 
yaa rlced on it. Tluse niaiks leeiud the hoii/oiilal distjuict's 
between the strings. It will ho sei n at one* that the jioint «, which 
tbe distance ah, is verticall) iiiidel the leiitie of the sheave r: 
Bud thftt^he jmint k, whieh bisects the rlHtanoe fr/. is vertically under 
centre of the shnlt 0 Hence the distaixe a/, is the hori/oiital 
pmjecllbn of the ecfPiilnc nidnis, and if 4> i*' l^he angular mUance 
• • a* rCOH (f>, 

Brom which ^ can*^be found when sk and the occentiic radius are 
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mciixiircd. Ihf eccentric radius is not otherwise known* it may 
be tbunrl by slowly tiirmii^ the crank shaft in the V’s and t^ieasuring 
the maximum value of ik. , ^ , 

When tJie angular advance is given the quantify sk can be 
calculat'd, and with the known diameter of tfid'sheave and the crank 
shaft the four lines may be set out on a board or steel strip. This strip 
may be ii.sed tn setting the eccentric sheav^ m the jiroper [losition on 
the shaft. l*’ur thi.s piiipose the strip is clamped in position so that th© 
slniigs oier the eiaiik axle coiiieide with the*lines c and d, and then, 
the Clank being hon/.oiital, the eci'eiiluc sheave is turned on the shaft 
until the stiiiigs hanging from it are brought into coincidence with the 
lines at a and 6, Thi' kejway is then marked off on the shaft, to 
be siibseiiiielitly cut and lilted with the key. • 

There arc other wajs of measuring the angular advance, and 
other ways ut setting the sheave at the pioper angle with the crank, 
.and a student will h.ive no ilitticiilly in deiising wa^s for himself to 
meet any peculiarity ol design. 
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THE THEORY OF MACHINE^^?^. 


By R. F, McKAY, M Sc, A.M.J llceli. E. 




Late Lecturer in Theory of Machines and Maolnno Design at tho f’lty'aiji! fluildi ' 
^Engineormg) College. 44H pages with HKJ diagiaius. Doniy 18a. net. 

Enfftneer. —”Tht8 is a very good text-book, very ably wntten, aaddH^t^oily Uhu|tt|lML 
*The volume will be a valuable addition to any student’s library, It d^fnot, AEnfmCT- 
oonfinelta appeal aolely to tho student Hu> mg studied it carefully m many piM^wefawl 
certain that it contains much of real interest and \uluo to what we any ciiU the 

unirinoAT 1 * 


GRINDINO MACHINERY 

By JAMRS J guest. 

A.' • 

1^1^+444 pages. With 200 lUiiBtratnuw jwwl 14 Talileo. Demy fiyo, Ifti net 

jSnfftneer.—“ The work U a cla^io. and will be appreciatei^by all eiigineera 
|»iorm an mtelligrat cooceptioo of tho proeetaet and capabllitieaof modara 

' - —"l^rves to tfdce a very high phtco m etandard technical htenUjire.” 

•LONDON i 'EDWAJtD ARNOLD. 



BYW.E.DAXiBy,F.aa < 

I/oiKlwi-Unitoraity PrtrfestJor of EngiMerir^ at Guilds 

Coliegu of the Iffliwrial College of Scieuoe and Techftology, liMfdfe - 

' ■* Second E<i#tion. xvi+760 pages. Medium 8va 

* 

The Engineer—This weighty volume of 760 pages muei surely he M 

«no7^opfl»dia of modem mformation r^ardmg steam and its use for tiw pjxKhiotidi 
power. From the study of this mass of material the student should become illAater <A 
subject, bechuse ev«rywheiwHhe matter is of real practical irnportaDce. U ii, ja.1 
monumental evidence of the indefatigable and intelligent mdustrj of the aa1di«,.bu^ 
his researches of what has been done by others in this science and m hU owb ori^ 

' Investigatiomii whioh have been by no means inoonsiderable. [Here fojUow three odmi 
of detailed review.] The reviewer feels tiiat any attempt to do real justice be » vuhuM 
oemprefaensive as this, is out of the question in the space at bis disposal, but 
may bare succeeded at least in indicating tlic very high charaoter and the luoaumei 
nature of the work.” 

Those w^o are familiar with the work of Prof. Dai.sT will aiq^tto i 
originality in his latest book, and they will not be disappointed. As regards method i 
matter ‘Sxsam'P owsa* is a strikingly original book.' The treatment » wdiolarlft 
several sections of the subject well balanced and the author has shown rare jndgn^ 
his selection of data. It will not be the fault of the author If any studettl'ol'lhe M 
engine who buys this book fails to obtain full value for his money.’' 

rime* {Engineering Supplement).—‘'This reuiiukahle book will be read w^ gr 
pleasure fiy all interested in the steam engine, on account both of the mass ot-i^mutk 
it importa and of the clear and lucid manner m which the matter ts presented. It call 
iaUyYeooQiraended not only as a wprk of reference but also as a treatise that will ena 
the teadflr%> g^in a mastery over the subject’’ 

ifaturs;~yln this volume wo have the'most complete, the m<Mt soieutidcally ocvra 
and, the il^l,u(|||o-dat« treatment of the problem of the generation cd steam ^aad 
purposes whioh hoe ever been put at the disposal of the engineer a 
the deeignte df power-plapts.” 








